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Abstract

The discovery of a third subset of T helper cells and more recently innate T cell subsets which 
preferentially express IL-17A has led to intensive investigation into the roles these cells play in 
both host defence and autoimmune settings As such, understanding the mechanisms related to 
the of the generation, function and regulation of these cells are crucial to the development of 
therapeutic interventions to counteract associated inflammation and pathology. In these studies 
we have focused on two of the more recently described pathways of regulation of IL-17A 
expressing T cells, namely the IL-2/IL-2 receptor signalling axis and TIR8 a negative regulator 
o flL -lR l signalling.

IL-2 has been implicated as a negative regulator of T h l7 responses in vitro and in vivo. 
Mutations at CD25, the a chain of the IL-2 receptor, confer susceptibility to a variety of 
autoimmune diseases with a number of these susceptibility alleles correlating with elevated levels 
of the soluble form of the a  receptor chain (sCD25). We have demonstrated that elevated levels 
of sCD25 in vivo resulted in enhanced antigen-specific T h l7 responses in the periphery and 
exacerbated experimental autoimmune encephalomyelitis (EAE). We report that sCD25 is 
capable of enhancing T h l7 responses in vitro with no impact on Thl responses or Treg 
generation. This enhancement of the T h l7 response is characterised by decreased STAT5 
signalling downstream of the lL-2 receptor, which facilitates an enhancement of IL-6 receptor 
driven STAT 3 phosphorylation. sCD25 exerted its effects early during the T h l7 developmental 
programme, leading to increased expression of the signature transcription factor RORyT, as well 
as IL-17A expression after just 48 hours. sCD25 did not directly impact cellular expression of IL- 
2 or act at the cell surface, but was found to greatly inhibit the detection of secreted levels o f IL-2 
by ELISA through direct interaction with IL-2 itself, demonstrating its ability to act as an IL-2 
‘sink’ in the T cell microenvironment. These data identify the ability of sCD25 to promote 
autoimmune disease pathogenesis and enhance T h l7 responses through its ability to 
sequester local IL-2.

T h l7 cells have received considerable interest since their discovery; however, recently it has 
become clear that a large proportion of the IL-17A expression in both host defence and 
autoimmune settings is accounted for by innate T cell subsets. One such subset is y5 T cells, 
which have been shown to express IL-17A directly in response to IL-ip and IL-23 stimulation. 
TIR8, an orphan receptor of the Toll/IL-1 receptor superfamily has been established as a 
negative regulator of IL-IRI signalling and in this role has also been implicated as a key intrinsic 
regulator of Thl 7 responses and autoimmunity. However, its role in the modulation of IL-IRI 
driven IL-I7A expression by innate lymphocyte populations or its potential to modulate 
inflammation in disease associated with these cells has yet to be established. Expression of 
TIR8/SIGIRR has been reported to be reduced in the peripheral blood of psoriatic arthritis 
patients. However, whether TIR8/SIGIRR activity plays a specific role in regulating psoriatic 
inflammation is unknown. We report that Tir8/Sigirr deficient mice develop more severe 
psoriatic inflammation in both the chemical (Aldara’’’’̂ ) and cytokine (recombinant IL-23) 
induced models of psoriasis. Increased disease severity was associated with enhanced infiltration 
of Vy4^ y8 T cells which express significantly elevated levels of IL-I7A. Critically, we also 
demonstrate that TIR8/SIGIRR activity directly suppressed innate IL-17A expression by y8 T 
cells in vitro and in vivo. Importantly, treatment of Tir8/Sigirr-/- mice with an IL-17A 
neutralisation antibody reversed the enhanced disease severity observed in these mice. This study

I I I



identifies TIR8/SIGIRR as a novel intrinsic negative regulator o f innate IL-17A expression and 
characterises a novel mechanism involved in the regulation o f psoriatic inflammation.

Taken together these data further highlights the central role IL-17A plays in inflammatory states 
mediated by both innate and adaptive T cell and identifies both sCD25 and TIR8/SIGIRR as 
signalling mediators acting to directly modulate these events in vivo.
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Chapter 1: General Introduction



1. Introduction

The mammalian immune system is a highly sophisticated network o f organs and 

complimentary cells whose primary function is protection o f the host from infection by 

parasitic bacteria, viruses and protozoa, whilst maintaining tolerance to endogenous healthy 

tissues. This essential ability to discriminate between “se lf’ and “non-self’ has evolved in 

conjunction with equally important and powerful regulatory mechanisms which maintain 

immune homeostasis whilst facilitating the generation of appropriate immune responses to 

combat against foreign pathogens and cancer (1).

The immune response can be generally classified into the innate and the adaptive arms. The 

innate immune system provides an extremely rapid, short lived response but with broad 

specificity. It acts as the first line o f defence against foreign pathogens recognising microbial 

components, conserved across many microbial pathogens through its system o f intracellular 

and extracellular pattern recognition receptors (PRR). Effector cells o f the innate immune 

system such as macrophages and neutrophils act to efficiently phagocytose and destroy these 

pathogens, with cytokines and chemokines expressed directly in response to such exposure 

acting to shape the nature o f the subsequent adaptive response (2, 3).

A direct link between the innate and adaptive systems is provided by antigen presenting cells 

(APC) which include both macrophages (2) and a type o f professional APC known as the 

dendritic cell (DC) (3). These cells process and display fragments of antigen bound to major 

histocompatibility (MHC) molecules which are subsequently presented to cells of the 

adaptive immune system to initiate an antigen specific response. Furthermore, the specific 

cytokine milieu expressed by the APC at this time will serve to directly modulate the nature 

o f the subsequent antigen specific immune response (4).
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The adaptive immune system is primarily responsible for resolving infections which the 

innate immune system has failed to efficiently clear and whilst it is slower to react, adaptive 

immune responses are highly specific to the pathogen o f interest and repeated exposure will 

serve to provide lifelong antigen specific immunological memory against these pathogens.

The key effector cells o f the adaptive system immune system are B and T cells which 

recognise the antigen derived peptide fragments processed and presented by APCs through 

their activating cell surface receptors, termed the B (BCR) and T cell receptor (TCR) 

respectively. Activation o f these cells generates an immune response which is specifically 

tailored to eliminate the pathogen in question or pathogen infected cells. This acquisition of 

specificity and memory, through the generation of antigen specific cellular receptors, 

contrasts with PRRs on innate immune cells which are germline encoded and one o f the key 

distinctions between innate immunity and adaptive immunity.

It has become clear that a gap exists between the innate immune response which can take a 

matter of hours to resolve and the induction o f a robust adaptive response which can take up 

to 5 days to initiate. In recent times, cells which possess some characteristics of both innate 

immune cells and also adaptive immune cells have been described (5). These cells, one 

particular example o f which are known as y6 T cells, possess the ability to respond rapidly to 

environmental signals such as microbial insult or tissue necrosis to provide an important 

source o f T cell associated cytokines early in the response before the induction o f adaptive 

immunity (6, 7).

Despite fundamentally different effector cells and kinetics of induction it is increasingly clear 

that both arms of the immune system act in a complimentary fashion with the nature o f the 

adaptive immune response directly influenced and shaped by the preceding innate response.
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1.1 T cells

T cells develop from haematopoietic progenitor cells in the thymus. They do not have 

phagocytic abilities but rather act as orchestrators o f cell mediated immunity. Naive T cells 

recognise antigen through a clonally distributed heterodimeric surface receptor composed o f 

transmembrane glycoprotein a and P chains, known as the TCR. The vast majority o f T cells 

express aP TCR chains however there are also subsets o f cells which express alternative 

receptor chains consisting of y and 5 chains (5).

T cells can be fiirther categorised into two subsets based on their functions and expression o f 

surface co-receptors. Cluster of differentiation (CD)8+ T cells also known as cytotoxic T 

cells are responsible for direct killing o f bacterially or virally infected cells through the 

secretion o f a variety of cytolytic proteins. CD4^ T cells, commonly tenned T helper (Th) 

cells, upon activation, are responsible for secretion o f cytokines which orchestrate the actions 

o f other immune cells and relevant tissues throughout the immune response.

The TCR is incapable o f recognising antigens in their native form, instead antigen is 

degraded and processed to peptide complexes and presented to T cells on surface MHC 

molecules. Antigen from intracellular bacteria or virus is degraded to peptide fragments in the 

proteosome before trafficking to the cell surface as part o f a complex formed with MHC class 

I molecules for presentation to CD8^ cytotoxic T cells leading to the killing of the infected 

cell.

In the case o f extracellular pathogens, antigen is phagocytosed and endosomally degraded to 

peptide fragments by the APC. These peptide fragments bind to the assembled MHC class II 

complex which trafficks to the cell surface for presentation to CD4^ T helper cells and 

initiates a cell mediated adaptive response and contributes to a humoral response. MHC class
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I is ubiquitously expressed across all nucleated cells in the body providing the cell in question 

with the ability to indicate its infected state to the immune system. In contrast expression of 

MHC II is more restricted with expression limited to APCs including DCs, macrophages and 

B cells.

1.1.1 Activation ofTh Cells

For Th cell activation to take place, a naive Th cell must encounter antigen presented on 

MHC class II by a pathogen primed APC such as a DC, macrophage or B cell. This 

presentation is commonly referred to as signal 1, and is a tightly restricted process whereby 

each TCR possesses sole specificity for a single antigen peptide. Signal 2 involves initiation 

o f a co-stimulatory signalling cascade through engagement o f T cell surface markers such as 

CD28 with the ligands CD80 and CD86 expressed by mature DC. This interaction is referred 

to as co-stimulation as it reinforces the previous TCR/MHCII interaction. Signal 3 is 

provided by the cytokine milieu expressed by the activated APC or adjacent accessory cells. 

Initially, activated Th cells are referred to as ThO cells. However the ThO cell is skewed 

towards a preordained lineage dependant on the required nature of the cell mediated response 

as indicated by the local cytokine environment. Effector Th cells are classified into three 

distinct subsets, T hl, Th2 and Thl7. These classifications are broadly based upon their 

function and interleukin (IL) expression profile (1 ,8) (Fig 1.1). In recent times the number of 

T cell subsets has further expanded beyond the lineages described above to include regulatory 

T cells (9, 10) Trl regulatory cells (11), T follicular helper cells (12), Th9 cells (13, 14). Thl, 

Th2, T h l7 and regulatory T cells will be discussed in more detail below.

5



IL-12p40, IL -2 _ ^  

IFN-v

\
iTREG
F0XP3
STAT5

IL-2 IL-2
IL-4

IFN-vH
P

T6F-P, IL-6, 1  RO RyT

IL-23, I  RORa

IL-1 \ S T A T 3

• •

Fig. 1.1 Overview of T helper cel! differentiation.
Overview o f the differentiation o f naive T cells in the periphery to specific lineages as a consequence 
of the local cytokine milieu. For example THl cells differentiate from naive T cells in the presence of 
of instructive signals which can include IL-12p40, lL-2 and IFN-y. This differentiation can be 
inhibited by mediators such as IL-4. The activites o f Thl cells are under the governance o f the lineage 
specific transcription factor T-bet as well as STAT4 and STATl. These cells are capable of 
expressing a cytokine repertoire which can include IFN-y which is also capable o f acting in an 
autorcine manner
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1.1.2 Thl and Th2 cells

When the heterogeneity o f T helper cell subsets was first proposed by Mossmann and 

Coffman, Th cells were initially divided into Thl and Th2 subsets based on their cytokine 

expression profile and involvement in distinct immunological processes (8) (Fig. 1.1).

Thl cells, which produce IFN (interferon)-y as their lineage signature cytokine, are involved 

in macrophage activation and defence against intracellular pathogens (15). Their 

differentiation is reliant on IL-18, lL-12 and IFN-y. Innate and autocrine IFN-y leads to the 

activation o f signal transducer and activator of transcription (STAT)-l which induces 

expression o f the Thl lineage specific transcription factor, T-box expressed in T cells (T-bet). 

This expression results in enhanced Th cell expression o f IFN-y, upregulation of IL-12 

receptor and subsequent activation o f STAT-4 by IL-12. These steps also promote expression 

of the IL-18 receptor and further enhance production o f IFN-y (16, 17). Expression o f T-bet 

is essential for IFN-y expression (18) and T-bet deficient mice display severely impaired Thl 

responses both in vitro and in vivo (19). Differentiated Thl cells can also selectively produce 

IL-2, IL-3 and Tumour Necrosis factor (TNF) a and p which are also capable o f acting in an 

autocrine manner to enhance Thl differentiation.

Cytokines expressed by Thl cells can activate the phagocytosis activity of macrophages and 

contribute to the production of complement components and antibodies by B cells. 

Furthermore Thl cells are important for the expression o f adhesion molecules on endothelial 

cells and the induction of chemokines for the attraction o f mononuclear cells to sites of 

inflammation.

Cytokines produced by Thl cells also participate in the generation of cytoxic lymphocyte 

(CTL) CD8^ t cell responses. CD8^ t cells cells require activation through their TCR and co-
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stimulation in a similar manner to CD4^ T cells and in the case o f CD8^ T cells, early 

exposure to distinct cytokines most commonly influences the balance between the 

development o f short-lived, terminally differentiated effector cells and memory precursors 

(20) (21). In many cases these priming signals eminate from Th 1 cells, for example IL-2 and 

IFN-y induces the release cytolitic particles from CDS^ effector t cells acts to kill virally or 

microbailly infected cells (22). Furthermore, the expression o f IL-2 from CDS^ T cells is 

more transient in nature compared to CD4~̂  T cells (23), where after the inital period post 

activation CDS^ T cells require extrinsic sources o f IL-2, likely from CD4"  ̂ T cells to 

maintain proper expansion, function and the generation o f the shorter lived effector response 

(24). The influence o f 0 0 4 ”̂ t cells on CDS^ t cell responses is further underscored by the 

profound deficiencies in CDS^ memory T cell populations when generated in the absence o f 

CD4^ T cells (24, 25). Other T helper cell derived cytokines such as IL-21 have also been 

shown to influence the nature o f the CD8^ t cell response with IL-21 acting to counterbalance 

the impact o f IL-2 by driving the expansion o f CD8^ memory poplatons (26)

Th2 cells produce IL-4, IL-5, IL-6, IL-10, IL-13 and IL-25 (27). These cells provide

assistance to many facets o f the humoral immune response including B cell activation, IgG 

class switching and eosinophil recruitment. Their differentiation is driven by IL-4 which 

leads to the activation o f STAT6 and expression of the Th2 lineage governing transcription 

factor GATA3 (28). Other cytokines including IL-13 and IL-25 have also been implicated as 

drivers o f Th2 differentiation. IL-4 activates mast cell sensitisation and is capable o f 

enhancing Th2 differentiation in an autocrine loop. IL-13 acting in conjunction with IL-4 acts 

to drive the maturation o f plasma cells leading to the expression o f immunoglobulins (29).

Cytokines produced by Thl and Th2 cells serve to enhance to their own differentiation whilst 

displaying an ability to inhibit other lineages. IFN-y, crucial for Thl lineage commitment, is 

capable of inhibiting expression of GATA3 and conversely IL-4 can restrain Thl
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development by upregulation of GATA3 whilst inhibiting expression of IL-12 receptor (28) 

(Figure 1.1). This reciprocal regulation between Thl and Th2 cells provided a useful model 

system for immunologists to investigate the cellular immune response. However, as the 

knowledge o f Th helper cell biology developed it became increasingly clear that the Thl/Th2 

model was an overly simplistic paradigm to explain the events at play in many settings, due 

in large part due to anomalies observed in studies into T cell driven autoimmune disease. 

Consequently the Thl/Th2 paradigm has now been expanded to include a third distinct subset 

o f Th cells termed Thl 7 which are discussed below. (Fig. 1.1) (30).

1.1.3 T hl7  cells

T h l7 cells are a subset o f CD4^ T helper cells characterised by expression o f IL-17A, IL- 

17F, IL-22, IL-21, GM-CSF and the lineage specific transcription factor retinoid orphan 

nuclear receptor (ROR)yT (31). These cells have important functions as part of the cellular 

immune response against various extracellular pathogens such Klebsiella pneumonia (32) and 

fungi such as Candida albicans (33), with mice deficient in IL-17A displaying significantly 

enhanced morbidity in response to infection by these pathogens. Furthermore, their discovery 

has greatly enhanced the understanding of the organ specific autoimmune disorders which 

were imperfectly explained utilising the Thl/Th2 model.

1.1.3.1 Differentiation of Thl7cells

9



Passive transfer experiments had established the role of Thl cells in auto antigen initiated 

inflammatory disorders; however results in these models were at times somewhat counter 

intuitive. For example, treatment with IL-12 blocked initiation o f experimental autoimmune 

encephalomyelitis (EAE) (34), whilst depletion o f IFN-y enhanced disease pathogenesis (35). 

These findings raised the possibility that Thl cells were in fact acting in a suppressive role 

through IFN-y expression and that the predominant cell type mediating chronic inflammation 

in these settings was undefined.

Interest in IL-17A was heightened by a number o f studies, including work which 

demonstrated an IL-23 driven population o f IL-17A producing 004"^ T cells which were 

capable o f inducing EAE upon adoptive transfer to naive mice (36). Coupled with 

observations that IFN-y and IL-4 were capable o f inhibiting IL-23 driven IL-17A production 

from T-cells (37), the hypothesis that a subset o f CD4^ T cells characteristically producing 

1L-17A was formed.

Naive T cells do not express IL-23 receptor so mechanisms involved in T h l7 lineage 

commitment remained unclear until a number of studies demonstrated that transforming 

growth factor beta (TGF-P) in combination with IL-6 was capable o f driving IL-17A 

expression in naive activated T cells. Importantly, this cytokine combination also served to 

upregulate the expression o f the newly identified Thl 7 lineage governing transcription factor 

RORyt (38, 39).

IL-6 deficient mice were shown to be protected from EAE (40). Furthermore, IL-6 was 

already established as an inhibitor o f a subset o f T cells which regulate autoimmune 

inflammation known as regulatory T cells (Treg) (41). In the setting of T h l7 differentiation, 

IL-6 became implicated as driving factors important to T h l7 generation such as IL-23
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receptor and IL-21 expression whilst simultaneously inhibiting the potential development o f 

T cell suppressive flmction (31, 42).

TGF-P was widely recognised for its anti-inflammatory effects and role in the induction o f 

Treg cells but it had been reported that mice lacking in TGF-(3 were also deficient in T h l7  

cells (39). It also became clear that TGF-P was capable o f indirectly driving T h l7  lineage 

commitment through its ability to block STAT4 induced GATA-3 expression (43). Thus, the 

model for T h l7  differentiation describes a mechanism whereby IL-6 and TGF-p synergise to 

drive upregulation o f  crucial T h l7  transcription factors and cytokines whilst suppressing 

factors required for differentiation toward alternative lineages. It is noteworthy that TGF-p 

and IL-6 alone are insufficient to drive pathogenic T cells until IL-23 is present (44). The role 

o f IL-23 whilst still incompletely understood is thought to extend to expansion (36) and 

stabilisation o f  the T h l7  phenotype (45). However some debate still persists as to its exact 

role and at what point in the T h l7  differentiation programme it mediates these effects.

T h l7  cells function predominantly at mucosal surfaces where IL-17A expression acts to 

upregulate expression o f G-CSF and CXC chemokines in mucosal epithelial cells as well as 

the local stromal cells. These actions predominantly serve to mobilise and activate 

neutrophils (46) as well as inducing the expression o f anti-microbial peptides (47). 

Furthermore IL-17A is capable o f  driving the expression o f  a range o f cytokines including 

IL-6, IL-8 and GM-CSF from macrophages, which act to further enhance the recruitment o f 

neutrophils (48).

1L-17A signals through its receptor IL-17 receptor A (IL-17RA), the most comprehensively 

studied receptor o f the newly defined IL-17 receptor family (49). Despite the expression o f 

IL-17A being limited to a tightly restricted selection o f immune cells, IL-17RA is 

constitutively expressed across a wide range o f cell types and tissues enabling IL-17A to
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exhibit widespread proinflammatory effects (50). Upon engagement with IL-17A, IL-17RA 

forms a heterotrimeric complex with IL-17 receptor C (IL-17RC) to initiate downstream 

signalling events mediated by Actl (51) and TNF receptor associated factor 6 (TRAF6) (52) 

which leads to activation o f nuclear factor kappa-B (NF-kB) (53).

IL-17F is a cj^okine also commonly expressed by Thl7 cells which studies have 

demonstrated as playing a role in autoimmunity in its own right (54). IL-17F also utilises IL- 

17RA to form its receptor signalling complex, however the strength o f its signalling ability is 

not considered as strong as IL-17A (49). Interestingly IL-17F readily forms heterodimers 

with IL-17A which also signal through the IL-17RA complex (55), however the functional 

role o f this heterodimer in vivo has proven difficult to define.

IL-22 is another cytokine expressed by T hl7  cells which plays an important role in host 

defence at mucosal surfaces through its ability to induce the expression o f antimicrobial 

peptides (56). It can also act as a pro-inflammatory and a pro-resolving mediator in 

autoimmune disease depending on the specific disorder. The IL-22 receptor (IL-22R) is not 

expressed on hematopoietic cells but rather is highly expressed on epithelial and stromal cells 

of various tissues (57, 58). IL-22R signalling is important for the cellular differentiation and 

proliferation o f keratinocytes and as a consequence its dysregulated expression in psoriatic 

lesions is thought to contribute to the pathogenesis o f psoriasis (59). Conversely its ability to 

maintain the barrier integrity o f epithelial cells is seen as important for mucosal wound 

healing in settings o f dextran sodium sulfate (DSS) induced colitis (60).

IL-21 acts in an autocrine loop, signalling through STATS to further enhance the early 

induction o f Thl7 cells. IL-21 signalling is capable o f inducing RORyT and IL-23 expression 

however this is a less potent differentiation signal than IL-6 (61). GM-CSF is an emerging 

player in inflammatory conditions mediated by both Thl7 and Thl cells. It promotes the
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differentiation o f  progenitor cells into granulocytes and macrophages and is also important 

for sustaining an inflammatory state in settings o f  neuroinflammation (62).

1.2 Innate IL-17A.

The characterisation o f a distinct subset o f CD4^T cells which preferentially express IL-17A 

has led to intensive investigation into the regulation and function o f such cells in the context 

o f  chronic inflammation and autoimmunity (36, 45). However, development o f an adaptive 

response leading to T h l7  cell expression o f 1L-17A and associated cytokines takes up to 5 

days. As a consequence it has become clear that cell subsets from the innate arm account for 

a significant proportion o f the IL-17A and other Th cell associated cytokines expressed early 

on and indeed throughout the immune response (6). Examples o f such subsets include 

invariant natural killer (NK) T cells which are innate T cells acting in defence against 

microbial infections and have a role in tumour immunity (63). Innate lymphoid cells (ILC) 

are a newly characterised subset o f  immune cells which are capable o f expressing large 

amounts o f  Th cell associated cytokines, including 1L-17A but they lack the expression o f 

cell surface markers which are classically associated with more established immune cell 

lineages. Furthermore, these lineage marker negative ILC subsets do not express a T cell 

receptor and thus do not respond in an antigen-specific m anner (64). An interesting subset o f 

innate IL-I7A  expressing T cells are y6 T cells, which have also been shown to express IL- 

17A in a non antigen specific m anner in some settings o f  infection (65) and autoimmunity 

( 66).
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1.2.1 yS T cells

Arguably the most extensively described innate lymphoid cell subset are y5 T cells, which 

comprise about 5% of the overall T cell population. They differ from conventional aP T cells 

in that they express y and 6 chains as part o f their T cell receptor and are resident 

predominantly at mucosal sites (6). yS T cells appear to lack the requirement for conventional 

antigen presentation and this has contributed to the hypothesis that these cells act as tissue 

resident immune sentinel cells. Recently it has become clear that y6 T cells respond to IL-1 

and IL-23 stimulation by expressing significant levels of IL-17A (66). These cells which 

constitutively express CD44, CCR6 and the transcription factor RORyT may act as an 

important instructive signal to promote the generation of adaptive Thl7 type responses but 

have also been implicated as important mediators o f disease in their own right (66, 67).

RORyT ^y5 T cells are CD27 negative but constitutively express CD44 and CCR6, (68) and 

are capable o f expressing IL-17A directly in response to stimulation with IL-lp and IL-23. 

They have been shown to enhance IL-17A expression from CD4^ T cells and are present in 

the brains o f mice with EAE (66). In particular, y5 T cells which express IL-17A play an 

important role in driving neutrophilia and dermal inflammation in psoriasis (69, 70). IL-17A 

expressing y8 T cells are CD25 positive in the thymus but this is downregulated upon 

trafficking to the periphery, possibly to protect the cells from the inhibitory effect o f IL-2 on 

IL-17A expression (6). A number o f specific subsets of y8 T cells have been described in 

both humans and mice based on their TCR useage with prominent roles in cancer protection 

and autoimmune inflammation. In mice a subsets of y5 T cells which display prominent 

dendritic morphology had been implicated as important players in tumour surveillance and 

barrier integrity surveillance in the skin displaying usage of the Vy5 TCR (71). Murine y6 T
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cells have also been identified as important sources o f IL-17A at sites o f inflammation in 

murine models o f autoimmune inflammation such as experimental autoimmune 

encephalomyelitis (66) and induced psoriasiform like inflammation (72, 73). These cells 

which express the Vy4 TCR, IL-23 receptor and CCR6 are capable of expansion in response 

to pathogen derived and environmental signals (67). Murine y6 T cells are also capable of 

expressing abundant amounts of IFN-y (74) and these cells are expanded in Plasmodium- 

infected C57BL/6 (68, 75). CD27 positive y5 T cells are thought to emerge from the thymus 

preactivated possessing the ability to express IFN-y (68). They also express CD 122, IL-18 

receptor and IL-12 receptor (6)

y§ T cells are the most abundant innate T cells in humans and a number o f distinct subsets 

have also been described based on their T cell receptor chain usage. The Vy9 V52 subset 

predominates in the peripheral blood and recognising small non-peptide phosphorylated 

compounds derived from microbes and tumours. These antigens are capable o f rapidly and 

selectively activating these cells to adopt a Thl like phenotype (76, 77). Furthermore, these 

cells upon activation induce maturation o f DCs and B cells (78, 79). These cells also display 

potent anti tumour properties in vitro and the possibility o f using these cells as cell based 

cancer therapies is being investigated (80). Furthermore, it is also possible to skew these cells 

towards a phenotype which is permissive of IL-17A expression with Vy9V52 IL-17A 

positive cells detectable in the peripheral blood and at the site o f disease in children with 

bacterial meningitis (81). Vy3V81 cells are a less abundant subset of human y8 T cells and 

are primarily resident in mucosal tissues and recognise antigens induced through the stress 

response in the epithelium (82). Upon activation, these cells are capable of killing CDld+ 

target cells, as well as the released T hl, Th2, and T h l7 associated cytokines as well as 

inducing dendritic cell maturation (83) in vitro. Expansion of Vy3V51 cells is observed in 

inflamed tissues in rheumatoid arthritis (84, 85). Furthermore, these cells have been attributed
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immunosuppressive properties where stimulatory antibody-activated circulating V51 T cells 

from healthy donors express FoxP3 and share characteristics with Tregs (86)

y5 T cells play a prominent role in bridging the gap between innate and adaptive immunity 

providing abundant amounts o f Th cell associated cytokines before the establishment o f 

acquired immunity (66, 67). In particular, IL-17A expression by y5 T cells activates 

signalling pathways mediated by TNF receptor associated factor (TRAF)6, ACTl and NF- 

kB, signals which are similar to early innate signalling events associated with members o f the 

Toll/ILR family. In contrast cytokines expressed by y5 T cells which are more commonly 

associated with alternative Th lineages such as IFN-y induce the activation of signalling 

pathways mediated by JAK/STAT which are associated with the adaptive immune system 

(49). Furthermore, it has recently been demonstrated that innate responding y6 T cells mount 

an immune response to oral Listeria monocytogenes infection which leads to the development 

of multifunctional memory y6 T cells capable o f simultaneously producing interferon-y and 

interleukin-17A in the murine intestinal mucosa (87). This intriguing role for y8 T cells as 

central players at the interface between innate and adaptive immunity highlights their 

potential as the cellular targets for the development of novel vaccine therapeutics.

1.3 T cell Tolerance

The ability o f the immune system to discriminate between foreign pathogens and endogenous 

tissues and commensal bacteria is of critical importance for the maintenance of immune 

homeostasis (88). The breakdown of tolerance invariably leads to the development of 

autoimmune disease; however the immune system has developed a number of mechanisms to 

ensure that this state o f homeostasis is maintained
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Fig 1.2 Overview of IL-17 expressing y8 T cells.
Surface marker expression, cytokine profile and example of stimulation requirements for IL-17A 
expressing y5 T cells

1.3.1 Central Tolerance

Central tolerance occurs in the generative lymphatic organs o f  the immune system and is the 

process whereby newly developing lymphocytes develop reactivity to MHC molecules and 

non reactivity to self antigens. Initially, haematopoietic progenitors from the bone marrow
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traffic to the thymic cortex to undergo a process known as thymopoeisis, which results in the 

development o f a population o f mature T lymphocytes (89).

Initially progenitor cells are double negative (DN) for CD4 and CDS. This double negative 

stage can be further divided into 4 stages (DNl-4) based on cell surface molecule expression. 

DNl cells are not yet committed to a T-cell lineage and can still differentiate into other 

thymically derived cells such as dendritic cells (DC). Upon expression o f CD25, precursors 

are committed to a T cell lineage and enter the DN2 phase. DN2 phase precursors initiate 

expression o f a diverse T cell receptor (TCR) repertoire. TCR p chain generation is a result of 

an almost random joining o f variable (V), diversity (D) and joining (J) gene segments. In 

DN2 phase subsets undergo joining of V and D fragments with DNS phase initiated upon 

addition o f the J segments. In order for DNS subsets to enter DN4 phase and avoid apoptosis 

they must co-express fiinctional TCR(3 and a pre TCRa. During DN4 phase TCRa 

rearrangement occurs by V J recombination resulting in display o f a fially developed TCR and 

co-expression o f CD4 and CDS (S9).

At this point developing T cells are subjected to rounds of both positive and negative 

selection in the thymus rendering them reactive to major histocompability molecules (MHC) 

and non reactive to self antigen respectively.

Positive selection occurs in the thymic cortex and is mediated by epithelial cells expressing 

MHC molecules. CD4^CD8^ double positive precursors which react to MHC class I will 

develop into CDS^ lymphocytes whilst cells reactive to MHC class II will differentiate into 

CD4”̂ lymphocytes. If precursors are unable to recognise presented peptide with sufficient 

affinity they will not receive a survival signal leading to initiation of apoptosis or 

phagocytosis by macrophages.



Cells surviving positive selection migrate to peripheral areas o f  the thymic cortex and the 

thymic medulla. Antigen presenting cells such as DC and medullary thymic epithelial cells 

present self peptides on MHC molecules. Precursor cells recognising presented peptide at 

this point undergo apoptosis resulting in the deletion o f  self reactive T cells. Cells that display 

weak or no affinity to these self antigens migrate to the peripheral lymphoid organs (90).

1.3.2 Peripheral Tolerance

Despite tight controls on the generation and release o f  T cells expressing self reactive TCRs 

in the thymus it is still possible that precursors can evade the mechanisms o f  central tolerance 

and migrate to the periphery. In such scenarios it is likely that cells expressing self reactive 

TCRs did not encounter one o f the limited number o f  APCs expressing their specific cognate 

ligand in the thymus, alternatively it is possible that there is a low affinity between the 

peptide and MHC leading to an unstable complex on the surface o f the AFC. Another 

possibility is that the antigen in question is expressed developmentally and might not be 

present in the thymus at the time precursors are undergoing selection, therefore TCRs with 

affinity to these antigens can escape deletion.

Central tolerance is not a completely efficient process and consequently it is essential to have 

tolerating processes active in the periphery. They include suppression o f auto reactive T cells 

by regulatory cells (Treg), the induction o f anergy, a hyporesponsiveness to antigen owing to 

absence or inhibition o f  costimulatory signals and the endogenous expression o f  suppressive 

signalling mediators by T cells themselves which can act as ‘brakes’ on the generation o f  an 

inappropriate T cell response .
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1.3.3 Regulatory T cells

Tregs are a population o f 004"^ lymphocytes possessing the ability to suppress and regulate 

autoimmune inflammation and associated pathology (10). A number o f subsets o f Treg cells 

have been described including CD4’̂ CD25^ naturally occurring Tregs (nTreg) which develop 

in the thymus and Treg subsets which are induced in the periphery including Th3 type cells 

expressing TGFp and Trl cells which express IL-10 (91).

The exact mechanism of nTreg development in the thymus is incompletely understood. 

However, it is thought that they differentiate from progenitors with a higher than normal 

affinity to self antigens but not an affinity sufficient to induce cell death (1). nTregs or 

inducible (iTreg) Th3 type cells characteristically express the forkhead winged helix 

transcription factor gene, FoxP3, and mice deficient in FoxP3 lack Treg cells and succumb to 

autoimmune disease characterised by severe lymphocyte mediated organ failure (92). FoxP3 

has been demonstrated as essential for development o f Treg cells and adoptive transfer o f 

FoxP3^ Treg cells to FoxP3 deficient mice rescues them from fatal autoimmunity (93). 

Associations have also been demonstrated between mutations in human homolog o f F0XP3 

and the fatal autoimmune condition immunodysregulation polyendocrinopathy enteropathy 

X-linked syndrome (IPEX) (94). Close associations in the developmental programs o f 

another pathogenic Th subset such as Thl7 cells and iTreg cells have been demonstrated in 

vitro. Activated T cells can be induced to express F0XP3 in the presence o f TGF-(3 (95) 

(Figure. 1.1), however as noted previously, addition o f IL-6 or IL-21 will suppress F0XP3 

expression and drive differentiation to a Thl7 phenotype (10).
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Treg cells express high levels of IL-2R yet in contrast to activated T cell subsets display a 

hypoproliferative phenotype in vitro upon IL-2R stimulation. Numerous studies have 

demonstrated their ability to suppress the proliferation o f activated T cells in vitro (96) and 

control autoimmune inflammation in vivo (97).

In vitro, Treg cells suppress through a number o f mechanisms, acting directly on FoxP3-ve 

responder T cells or indirectly through suppression o f the APC. Direct methods include the 

secretion o f suppressor cytokines such as TGF-(3, IL-10 or IL-35 which inhibit the action of 

responder cells. Alternatively, Treg cells can also suppress effector T cell responses by 

consumption o f IL-2 leading to growth factor deprivation of the effector T cell population 

and consequently Bim mediated apoptosis. Cell-cell contact is another mechanism whereby 

activated Treg cells can act as cytotoxic cells directly killing the target responder cell (98). 

Tregs can suppress expression of co stimulatory molecules on DCs through CTLA-4, a 

receptor constitutively expressed on Treg cells (99).

In vivo mechanisms of suppression are incompletely understood, with anti-inflammatory 

cytokines and bystander cells thought to play a role. Activation o f Treg cells appears to be 

antigen specific (96) however the question o f whether in vivo suppression is antigen specific 

is currently unclear (100).

1.4 Autoimmune disease

Loss o f immune tolerance to self, environmental or commensal antigens can initiate 

inappropriate immune responses causing autoimmune disease in the host. These responses 

can be specifically directed at particular organs in conditions such as multiple sclerosis and

21



type-1 diabetes. Inflammatory responses can also be systemic, targeting multiple organs as is 

the case in systemic lupus erythematosus and rheumatoid arthritis. In addition disorders such 

as Crohn’s disease and colitis are mediated in part through loss o f tolerance to commensal 

bacteria in the gut.

In recent times Thl7 cells have been implicated as important drivers of inflammation in such 

settings (101, 102) with intensive research focussed on the development o f therapeutic 

interventions focussing on this area (102). Two autoimmune disorders, the pathogenesis of 

which are considered to be highly dependent on IL-17A and are the focus o f the studies 

described in this thesis, are discussed in more detail below.

1.4.1 Multiple Sclerosis

Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system 

(CNS) that causes significant disability through impaired motor, cognitive and sensory 

function (103). The disease commonly manifests itself in early adulthood (ages 20-40) with 

an average survival o f up to 30 years post diagnosis (104). A combination o f genetic and 

environmental factors as well as possible microbial infection are thought to contribute to the 

pathogenesis o f the condition, however the specific aetiology remains undefined (105).

In MS patients lesions are formed in the CNS through immune mediated attack o f neurons, 

resulting in the destruction o f the myelin sheath which encases the axon o f the neuron. 

Myelin acts as an insulatory material serving to potentiate neurotransmission along the axons 

and is indispensible for efficient neurotransmission. In the early stages o f autoimmune 

inflammation in MS it is possible for remyelination to occur through the action of
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oligodendrocytes. However, sustained demyelination leads to ineffecient repair, the formation 

o f scars on the neuron and sustained loss of function resulting in neuro impairment in the 

patient (103, 104). The majority of MS patients suffer a disease phenotype characterised by 

long periods o f disease remission followed by periods o f exacerbation, known as relapsing 

remitting MS. Relapse periods are associated with acute inflammatory episodes which result 

in severely impaired neurological function. In between relapses it is possible for patients to 

experience some recovery, however sustained bouts o f relapse invariably results in the 

development o f a more progressive disease, termed secondary progressive MS, in the 

majority o f cases. This disease phase is associated with increasing loss o f neurological 

fiinction often leading to paralysis and other associated complications including blindness 

and impaired respiratory function (106).

MS is considered as classic T cell mediated autoimmune disease with self reactive Thl and 

T h l7 cells initiating immune responses to myelin derived antigens (107, 108). Numerous 

studies have identified IL-17A and IFN-y as central mediators o f disease, orchestrating the 

recruitment of phagocytic cells such as macrophages and neutrophils to the CNS (107, 109). 

These recruited macrophages exhibit increased phagocytic activity and release nitric oxide 

metabolites, matrix metallo-proteases (MMP) and complement components which contribute 

to demyelination (110, 111). Furthermore, genetic studies have identified a number of T cell 

associated genes including Mhc along with both CD25, ll-2r and Il-7r as risk alleles 

associated with MS, further highlighting the role for T cells in the pathogenesis of this 

disorder (112). Interestingly, specific susceptibility alleles at the CD25 gene locus correlate 

with elevated levels of the soluble form of CD25 in patients plasma although the functional 

significance of these observations has not been explored (113). This is a specific question 

which we will begin to address in the first part o f this thesis using a relevant preclinical 

model o f MS known as experimental autoimmune encephalomyelitis (113).
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1.4.1.1 Autoimm une encephalom yelitis

Experimental autoimmune encephalomyelitis (EAE) is a demyelinating disease o f the CNS 

which displays clinical and pathological manifestations similar to human MS allowing its use 

as a animal model for this disorder. EAE is a predominantly Thl7 cell driven model of neuro

inflammation through which the immunological events at play in MS have largely come to be 

understood leading to the development o f a number o f therapeutics for this disease.

EAE can be induced in several strains o f non human primates and rodents through 

immunisation with CNS extracts, myelin component peptide and synthetic peptides 

commonly emulsified in complete freund’s adjuvant (CFA) (114). The resulting disease 

phentoype can take a number o f forms. For example C57BL/6 mice immunised with the 

myelin component peptide, myelin oligodendrocyte glycoprotein (MOG) peptide 35-55 

develop a chronic progressive disease whereas SJL mice immunised with proteolipid protein 

(PLP) 139-151 develop a relapsing remitting form o f EAE (115). Autoreactive T cells are the 

predominant immune cell driving the pathogenesis o f EAE. These cells are capable of 

transversing a premeabilised blood brain barrier to the CNS where myelin specific T cells are 

activated by local and trafficking DCs leading to the induction and persistence o f 

neuroinflammation (114) (Fig 1.3).

Initially EAE was described as a predominantly Thl dominated disease as adoptive transfer 

of Thl skewed myelin Ag-specific T cells was shown to be sufficient to induce disease in 

susceptible mice (116). Furthermore, mice deficient in the Thl lineage specific transcription 

factor T-bet were protected from EAE (117) and mice deficient in the p40 subunit o f the Thl 

instructive cytokine IL-12 were also shown to be resistant (118). However the precise role of
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IFN-y has proven controversial as mice deficient in IL-12p35, STATl or IFN-yR are more 

susceptible to EAE (119).

Periphery
jm
BBB

Activated T cells 
enter CNS 
BBB breakdown

Clonal 
expansion

Th1/Th17

Activated DC 
presen t myelin 
peptldesto  
naWe T cells

8-
myMin

Activated T 
cells «nt«r 
bloodstream

Tnaive

icroglla

T c«N reactivation 
by myelin antlgena, 
r«l«a«* of m«dMora, 
racruitmant of othar 
immuna calls from 
blood

Ralaaaa of madiatora. 
protaaaaa. glutamata 
andfraa radicals

Destructlonof 
myelin and axonal 
dam age

LYMPH NODE

Fig 1.3 Migration and effector function of T cells in the CNS during experimental autoimmune 
encephalomyelitis (EAE).
Figure modified from Fletcher et.al 2010 (106).

These controversies were resolved somewhat by the report by Cua et al. which demonstrated 

that IL-23 rather than IL-12 was essential for the induction o f disease through the expansion 

o f pathogenic Thl7 cells. Previous studies investigating the role o f IL-12 had utilised animals 

deficient in IL-12p40, but these mice are also deficient in IL-23 as both IL-12 and IL-23 

share the p40 subunit (119). Furthermore IL-23 deficient mice display defects in the initiation 

o f EAE which is associated with the loss o f IL-17-producing, but not IFN-y-producing T 

cells (36). These observations are similar to those reported in IL-lR l'^'m ice which display a 

similar protection associated with a lack of IL-17A expressing cells (120). Additionally, Thl7
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cells were found to induce significantly greater encephalitogenic responses on a cell-to-cell 

basis when compared with Thl cells in the same experiment (36). EAE is considerably 

suppressed in mice deficient in IL-17A or its receptor and neutralisation o f IL-17A attenuates 

the observed disease phenotype which is indicative o f a role for IL-17A in the induction and 

effector phases of EAE (121, 122). This indispensible role o f both IL-1 and IL-23 in the 

induction o f EAE highlights their importance in the progression o f IL-17A dependant 

autoimmune inflammation in the CNS. However the precise mechanisms through which IL- 

17A participates in the development and pathogenesis o f disease remains incompletely 

understood.

1.4.2 Psoriasis

Psoriasis is a common chronic immune driven disease o f the skin with incidences o f between 

1 and 3% in the population o f western countries. Although the disease rarely proves fatal, 

patients suffer significant physical discomfort from the appearance o f inflamed psoriatic skin 

lesions which can also be associated with an added psychological burden. The pathogenesis 

of psoriasis involves a complex interplay o f immunological, genetic and environmental 

factors all o f which can contribute in varying degrees to the specific disease phenotype in 

humans (123, 124). The condition is commonly characterised by rapid and dysregulated 

keratinocyte proliferation leading to a thickened epidermis (acantosis). This aberrant 

keratinocyte behaviour often leads to significant retention of nucleated cells within the 

granular layer (parakeratosis) and a very apparent erythema (redness) due to increasingly 

dilated blood vessels in the dermis. These manifestations occur in conjunction with a marked
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immune cell infiltrate composed primarily o f dense concentrations o f T cells along with 

dendritic cells, neutrophils and macrophages (125).

Classically, psoriasis has come to be viewed as a T cell driven autoimmune disorder due at 

least in part to its responsiveness to cyclosporine treatment (126) and also as Thl cells, 

expressing IFN-y, were seen as the key drivers o f disease pathogenesis (127, 128). However, 

m ore recently a deeper characterisation o f  both psoriatic lesional infiltrates and the peripheral 

blood o f  patients have uncovered a prominent role for inflammatory cells driven by the IL- 

23/IL-17 signalling axis as central to disease progression (129, 130). In the setting o f 

psoriatic inflammation IL-17A and its family members can act directly on keratinocytes to 

stimulate the production o f  a number o f  molecules known to be elevated in psoriatic lesions 

including cytokines, [3-defensins, antimicrobial peptides and a selection o f  chemokines 

including IL-8, CCL20, CCL2 which act to attract monocytes, neutrophils and macrophages 

(131, 132).

Critical cells in the context o f  psoriatic inflammation include subsets o f innate y5 T cells and 

lymphoid cells which express abundant amounts o f proinflam matory IL-17A, IL-17F and IL- 

22 at key skin barrier sites (Fig 1.3) (54, 72). The importance o f  such cells, along with CD4^ 

T h l7 cells which express a similar cytokine repertoire, in psoriasis pathogenesis, has 

underscored the development o f a range o f monoclonal antibodies targeting the IL-23/IL-17 

signalling axis and, more specifically, IL-17 receptor A (Brodalumab) and one o f  its ligands, 

IL-17A (Ixekizumab) (133, 134). These targeted therapies have met with considerable early 

success in the clinic and will most likely form the next range o f  front line therapies for 

psoriasis treatment. However, despite these exciting advances in drug development, 

significant gaps remain in our understanding o f the regulatory mechanisms which underpin 

the IL-23/IL-17 signalling axis and the cellular and m olecular interactions at play in the 

context o f  dermal inflammation in psoriasis.
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modified from Becher et.al 2012 (135)

1.4.3 Animal models of Psoriasis

F o r m an y  y ea rs  re sea rch  e ffo rts  in to  th e  ce llu la r  an d  m o lecu la r  m ech an ism s at p lay  in se ttin g s  

o f  p so ria s is  w ere  g rea tly  re s tric ted  b y  th e  lack  o f  a fa ith fu l an im al m o d e l o f  d isease . E a rly  

stud ies h av e  fo rm ed  m u ch  o f  the  u n d e rs tan d in g  o f  th e  m ech an ism s at p lay  in  p so ria tic  

in flam m atio n  h o w ev e r th e  m o d e l sy stem s u tilised  p ro v ed  tech n ica lly  ch a llen g in g  and  

ex pensive .

In itial s tu d ies  fo cu ssed  on  a m o d e l u tilis in g  m ice  h o m o zy g o u s  fo r th e  sev e re  co m b in ed  

im m u n o d e fic ien cy  (S C ID ) m u ta tio n  w h ich  are  sev e re ly  d e fic ien t in fiinc tional B a n d  T  

ly m p h o cy tes . T h e  m u ta tio n  ap p ears  to  im p a ir  th e  reco m b in a tio n  o f  an tigen  recep to r g en es
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and thereby causes an arrest in the early development of B and T lineage-committed cells; 

other hematopoietic cell types appear to develop and function normally (136). Human skin 

was xenografted onto these immune compromised mice with activated PBMCs injected in the 

presence of absence or superantigen in order to induce psoriatic like symptoms on the grafts 

(137, 138). This model proved an imperfect system as SCID mice still possess a functional 

repertoire of natural killer (NK) cells which play important roles in transplant rejection. The 

activity o f both IFN I and IFN II receptors have been shown to be essential for NK cell 

cytolitic activity in vitro and in vivo (139), so in an effort to improve the model system mice 

which are deficient in IFN I and IFN II receptors as well as T and B cells (Rag 2 "') were 

generated. Upon grafting of human prepsoriatic skin, these mice display a spontaneous 

psoriasis phenotype which is mediated by TNFa and proliferation o f resident T cells (140). 

Whilst these model systems have proven valuable in elucidating certain mechanisms at play 

the technical challenges faced through utilising such systems are compounded by the lack of 

success in translating these findings into effective antipsoriatic therapies (135, 141).

The requirement for a rapid, cheap and reproducible murine model o f psoriasis was met with 

the development o f a system where psoriasiform inflammation was induced through topical 

application of the TLR7 agonist imiquimod. This model, which is IL-23 dependant, involves 

daily topical application o f imiquimod formulated in a commercially available cream, 

Aldara^"^ (142). Aldara’*''̂  has been used for some time in the treatment o f a variety o f dermal 

malignancies such as actinic keratoses and superficial basal cell carcinomas (143, 144); 

however a side effect of such treatment is the exacerbation of psoriatic lesions in some 

patients, even those with well controlled psoriasis (145, 146). Based on this observation, 

utilisation o f Aldara^''^ in murine studies as an inducer o f psoriasiform inflammation has 

come to be accepted as a clinically faithful model of psoriasis, particularly as the pathological 

manifestations induced bear striking similarities to human psoriasis, but also because it is
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responsive to a range o f the current frontline psoriasis therapies (54, 72, 142). Another widely 

utilised model o f psoriasis in mice involves intradermal injection o f IL-23 over a number of 

days resulting in the development o f similar immunopathology to that observed in the 

Aldara™ model and human psoriasis. However this model fails to reproduce certain 

characteristics of human disease such as infiltration o f CD8^ T cells to the inflamed 

epidermis. This model which is CCR6 dependant has provided usefijl insight into a number 

o f the components o f human disease (147, 148).

1.5 Regulation of type 17 responses

Since the associations were made between the dysregulated activity o f IL-17A and the 

development o f autoimmune disease, intensive research has focussed on elucidating the 

mechanisms through which these responses are regulated. A number o f different signalling 

mediators and pathways have been described to both positively and negatively regulate the 

generation o f Thl7 type responses. For example, IL-10 is a classic immunosuppressive 

cytokine which has long been described as in inhibitor o f both Thl and Th2 responses (149). 

Recently it has also become clear that IL-10 regulates T h l7 activity in settings of 

autoimmunity with mice deficient in IL-10 developing enhanced T h l7 responses through 

increased IL-6 and IL-23 expression. Furthermore, regulatory T cells expressing IL-10 have 

been shown as suppressive in autoimmune disease (150, 151). Interestingly, the IL-6 related 

cytokine IL-27 has also been described as a negative regulator o f T h l7 cells in settings of 

autoimmunity with IL-27 receptor alpha deficient mice developing a more severe neuro- 

inflammatory phenotype in EAE through local increases in T h l7 activity (152). The activities 

o f IL-17A can also be regulated through other members of the IL-17 family. The Th2 derived 

cytokine IL-17E suppresses T h l7 cell activity in EAE, where mice deficient in this cytokine
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develop enhanced disease which is associated with elevated levels o f  IL-23 in the periphery 

and increased numbers o f T cells producing IL-17A, TN F-a and IFNy in the central nervous 

system (153).

As outlined above, the roles o f IL-6, TGFp, IL-23 and IL -ip , in the generation o f T h l7  

responses are finnly established. This study will focus on the roles o f  two more recently 

defined pathways which regulate the development o f  type 17 resonses. The IL-2/IL-2R 

signalling axis, which actively inhibits T h l7  development in a STAT5 dependent m anner 

(154), and the activation o f  TIR8/SIGIRR, an endogenous negative regulator o f  TLR /IL-IR  

family members and o f T h l7  responses (155). These pathways are discussed in more detail 

below.

1.5.1 Interleukin 2:

Interleukin 2 (IL-2), a member o f  the common gamma chain cytokine family (yc), is a 4- 

bundle a-helical protein o f 15 kDa predominately produced by activated €04"^ and CD8^ T 

cells. Initially upon its discovery IL-2 was thought o f predominantly as a pro-inflammatory 

cytokine due to its ability to enhance the proliferation, differentiation and survival o f  already 

activated T cells (156). However with the generation o f the IL-2 and CD25 deficient mice 

and the uncontrolled lympho proliferation and fatal autoimmunity observed in these mice, IL- 

2 ’s primary non-redundant role in maintenance o f T-cell tolerance came to be appreciated 

(157).

IL-2 signals through its receptor, a hetero trim eric complex consisting o f  the a  chain (CD25), 

(3 chain (CD122) and the y chain (CD132) (158). Upon engagement o f IL-2 with the ligand
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specific a  chain, a high affinity quaternary complex is formed which mediates IL-2R 

downstream signalling (158).

The IL-2 /IL-2R complex induces downstream signalling through IL-2R|3 and yc due to their 

association with the tyrosine kinases Janus kinase 1 (JAK l) and JAK3 leading to 

phosphorylation o f the JAKs as well as the three key tyrosine residues within the cytoplasmic 

tail of IL-2R|3. These downstream signalling events lead to activation of three main 

intracellular signalling pathways mediated by mitogen-activated protein kinase (MAPK) , 

signal transducer and activator o f transcription (STAT) and phosphoinositide 3-kinase (PI3K) 

activation (159).

STAT5, a transcription factor activated by IL-2R signalling is established as essential for 

cell cycle progression (160), and mice displaying constitutively active STAT5 possess 

expanded populations o f memory CD8^ T cells and also Treg cells (161). STAT5 activation 

through 1L-2R signalling has also been shown to directly drive F0XP3 expression in 

peripheral naive CD4^ T cells. (162).

IL-2R signalling also plays a key role in Thl7 cell generation where the absence o f IL-2R 

signalling, or disruption o f the signalling pathways through deletion o f STAT5, leads to 

enhancement o f Thl7 cell development in vitro and in vivo (154). STAT5 and STAT3, 

activated by IL-6 receptor signalling, have recently been shown to compete for binding to the 

IL-17A locus at the same position, indicating that the level o f T hl7  development is in fact a 

balancing act between the relative levels of IL-2R and IL-6R signalling i.e. maximal Thl7 

development can be achieved with minimal IL-6R signalling provided IL-2 is neutralised and 

vice versa (163). The role o f IL-2 in the development o f Thl7 cells was further expanded 

with reports that Treg cells could enhance the early generation o f Thl7 responses through 

their ability to regulate the bioavailability o f IL-2. This consumption of IL-2 served to protect
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the developing T h l7  cells from the inhibitory effects exhibited by IL-2 (164, 165). These 

observations are underscored by the strong genetic linkage between m utations at both the IL- 

2 and IL2RA/CD25  gene loci and several T cell mediated autoimmune diseases in humans 

(113). However, at this time, the ftinctional mechanisms o f how such mutations confer 

susceptibility to autoimmune disease are not yet understood.

1.5.1.1 Soluble IL-2 Receptor Alpha (sCD25)

W hilst the a  chain o f  the IL-2 receptor is commonly thought o f  as a low affinity receptor for 

lL-2, it noteworthy that this description is a consequence o f  its binding affinity relative to that 

o f the IL-2 receptor complex as a whole. It has been demonstrated that whilst IL-2Ra does 

not display any signal transduction capabilities, its binding to IL-2 is absolutely required as 

an initial step for subsequent efficient formation o f  the quaternary IL-2 receptor complex and 

optimum signalling (158, 166).

A soluble form o f  the IL-2R a chain, (sCD25), is generated through proteolytic cleavage at 

the surface o f  activated T cells with the level o f shedding correlating with the extent o f T cell 

activation (167). A number o f other soluble cytokine receptors have been identified as both 

having antagonistic properties, IL-6R (168) or agonistic properties, IL -IR I (169) but the role 

o f sCD25 remains controversial.

Interestingly, elevated serum levels o f  sCD25 correlate with a number o f  specific CD25 

alleles associated with autoimmune susceptibility (113, 170). Despite such observations, 

suggesting a role for sCD25 in disease pathogenesis, its precise role in directing pathogenic T 

cell subsets, i f  any, is currently unclear.

33



Elevated levels o f sCD25 have been correlated with poor prognosis from patients presenting 

with follicular B-cell non Hodgkins lymphoma. In these patients, enhancement o f IL-2 

signalling caused by its interaction with sCD25, promoted differentiation towards Treg cells 

rather than Thl7 or Thl cells (171), this agonistic observation contrasts with reports that 

elevated levels o f sCD25 can inhibit IL-2R signalling in patients presenting with multiple 

sclerosis (113). Given the clear association between sCD25 levels and T cell mediated 

inflammatory disease we were interested in investigating whether sCD25 plays any 

functional role in modulating proinflammatory T cell responses.

1.5.2 Influence of the Toll/Interleukin-1 (IL-1) Superfamily on type 17 

responses:

The Toll/IL-1 super family is a large family o f cell receptors which are recognised as key 

players in bridging the gap between innate and adaptive immunity. Toll like receptors (TLR)s 

are highly conserved PRRs and are established as important drivers o f the initial innate 

response, the manner o f which greatly influences the nature o f the subsequent adaptive 

response (172). They are expressed across a wide variety of immune cells including 

macrophages and certain T and B cells. In contrast, IL-1 family related receptors are more 

ubiquitously expressed and the family boasts both pro and anti-inflammatory mediators that 

are capable o f controlling inflammation at both the receptor and the nuclear level. They 

fiinction mainly through recognition of soluble cytokines which can act in both a paracrine 

and autocrine fashion (173).

Structural homology between TLR and IL-1 family receptors includes the sharing o f an 

intracellular Toll/IL-IR signalling domain (TIR). TIR domain adaptor proteins such as
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m yeloid differentiating factor 88 (MYD88), amongst others, contribute to a signalling 

cascade that activates a number o f  downstream signalling pathways including NF-kB. TLR s 

express extra cellular domains which have leucine rich repeats, in contrast IL-1 family 

receptors express extra cellular domains which possess immunoglobulin (Ig) folds (172).

A number o f  Toll/IL-IR  family members have been implicated as key players in the 

progression o f  T h l7  driven autoimmune disease. IL-1(3 signalling through IL-1 receptor 1 

( IL -lR l)  has been demonstrated as capable o f  enhancing RORyt expression and early 

differentiation o f T h l7  cells and is crucial for driving pathogenic T cell responses in vivo 

(120, 174). Recently an appreciation for the role TLR signalling plays in the direct 

modulation o f  adaptive T cell responses has come to be appreciated (175), with such 

observations now extending to the regulation o f T h l7  responses. Stimulation o f  T h l7  cells 

with the synthetic TLR2 ligand Pam3Cys-Ser-(Lys)4-trihydrochloride (PamSCys) led to 

enhanced T h l7  cytokine expression in vitro where TLR2 deficient mice display ameliorated 

EAE compared to wild type mice (176).

Whilst a number o f Toll/IL-IR  family members have demonstrated an ability to enhance the 

progression o f  T h l7  driven autoimmunity there are also members which play a regulatory 

role in these settings. One such receptor is single immunoglobulin IL-1 receptor related 

molecule (TIR8/SIGIRR). TIR8/SIGIRR is established as a negative regulator o f both IL-Rl 

signalling and TLR signalling (177) with TIR8 deficient mice more susceptible to lethal 

endotoxin challenge and enhanced in vivo inflammation in response to IL -lp  injection (178).

1.5.2.1 Single Immunoglobulin IL-1 R eceptor Related  (TIR8/SIGIRR)
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(TIR8/ SIGIRR) is a distinctive member o f the IL-IR family which also plays a regulatory 

role in settings o f inflammation dependant on TLR and IL-IR signalling. (179). The 

TirS/Sigirr transcript encodes a protein of 410 amino acids in humans and 409 amino acids in 

mice, however interestingly the real size o f the protein is much greater and varies among 

tissues due to differing glycosylation patterns. TIRS/SIGIRR is as an orphan receptor within 

the Toll/IL-IR superfamily possessing only a single extracellular Ig like domain which, due 

to its small size o f 118 amino acids, is thought to make binding of an extracellular ligand 

impossible (Fig 1.4). Furthermore, the intracellular TIR domain of TIR8/ SIGIRR is currently 

seen as incompatible with conventional signalling activities due to two crucial amino acid 

substitutions, Ser 447 and Tyr536 replaced with Cys222 and Leu205. However the lack of 

known ligands mean the implications o f this observation, if any, are currently unknown. 

Expression o f TIRS/SIGIRR is highly detectable in the epithelium of the gut and kidney as 

well as in the lung and among T cell populations with low or undetectable levels present in 

fibroblast or endothelial cell lines and B cells (178, 180).

A number o f studies have identified TIRS/SIGIRR a negative regulator o f IL-lR l signalling 

(178, 181). Furthermore roles for TIRS/SIGIRR as a negative regulator o f IL-18, ST-2, TLR4 

and TLR9 signalling have also been demonstrated (178, 182). Mechanistically, TIRS/SIGIRR 

is thought to inhibit Toll/IL-lRl signalling through its ability to interfere with efficient 

heterodimerisation between IL -lR l and its associated receptor accessory protein. 

TIRS/SIGIRR also exerts its inhibitory effects through competitive recruitment o f TIR 

domain adaptor proteins including MYD88, IRAK and TRAF6 (Fig 1.5). It is interesting to 

note that the extracellular Ig domain is dispensable for inhibition o f TLR4 signalling but both 

domains appear to be required for inhibition o f IL -lR l signalling (183). In contrast ST2, the 

ILR
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Figure 1.4 Structure of TIR8/SIGIRR
Structuarl schematic of TIR8/SIGIRR demonstrating the single extracellular Ig domain and long C- 
terminal domain

family member receptor for IL-33 interacts with both the TIR and extracellular domains but it 

appears that it is the TIR domain which is crucial for TIR8/SIGIRR activity in this setting 

(182). Despite these observations the mechanisms through which TIR8/SIGIRR exerts its 

regulatory activities have yet to be clearly defined. It is possible that activity occurs in a 

highly tissue specific m anner as a consequence o f  the differential glycosylation patterns
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observed. However succinct observations relating to such mechanisms have not been 

investigated. In spite o f these issues a number o f studies have characterised TIR8/SIGIRR as 

an important non redundant negative regulator in settings o f inflammation and 

autoimmunity( 177, 184).

TIR8/SIGIRR

TLR4
com plex

Tral5 IRAK

MvD88
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Tr.»flS IR \K

Figure 1.5 Proposed mechanism of suppression of TLR and ILR family response by 
TIR8/SIG1RR
TIR8/S1GIRR is speculated to act as a decoy receptor to comeptetively recruit TIR domain proteins 
such as MyD88 and IRAK family members away from signalling complexes o f other TOLL/ILR 
family members.

1.5.2.2 Role ofTIRS/SIGIRR in infection

Tir8/Sigirr deficient mice display enhanced susceptibility to LPS induced septic shock (178) 

and also succumb more readily to Mycobacterium tuberculosis infection in the lung (185). 

Furthermore these mice also display enhanced susceptibility to Candida albicans and 

Aspergillus fumigates infection (155). These fungal infections occur in association with 

enhanced IL-1 signalling and elevated Thl7 responses. Despite the elevated inflammatory 

response in such settings of infection, Tir8/Sigirr mice display an impaired ability to clear 

the pathogen o f interest and eventually succumb to overwhelming systemic inflammation.
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Tir8/Sigirr''' mice display a similar enhanced susceptibility to P.aeruginosa lung infection, a 

phenotype which is rescued when these mice are crossed with IL -lR l -/- mice, Tir8'' IL-IRF  

double knockout mice were observed to have higher survival rates, enhanced bacterial 

clearance, and reduced levels of local and systemic cytokine and chemokine expression 

compared to Tir/Sigirr" mice (186). Moreover, TirS/Sigirr''' mice exhibit dysregulated 

signalling in the gut epithelium in response to commensal bacteria in inflammatory settings 

as a result o f Salmonella typhimuhum  colonisation (187), leading to disruption of gut 

epithelium homeostasis and hypersensitivity in these mice to dextran sodium sulphate (DSS) 

induced colitis (188). These studies clearly identify TIRS/SIGIRR as a signalling mediator of 

critical importance in the modulation o f inflammation and tissue pathology associated with 

the signalling of members o f the Toll/IL-IR family in response to exogenous and endogenous 

micro-organisms. Furthermore, the nature o f this regulatory activity also suggests 

TIR8/SIGIRR as a potential regulator of autoantigen driven inflammation which is dependent 

on IL-1 and 1L-17A.

1.5.2.3 Role ofTIRS/SlGlRR in autoimmunity

Uncontrolled or dysregulated signalling by IL-IR family members can lead to the 

development of autoimmune diease (173). In particular IL-1 has been identified as a key 

cytokine involved in the development of Thl7 cells and associated autoimmune inflammation 

(174). TIRS/SIGIRR, whose expression is induced upon the initiation of the Thl7 

development program in vitro, has been shown to suppress IL-1 driven proliferation and 

proinflammatory cytokine secretion in these cells. This occurs in association with 

enhanced IL-1-induced phosphorylation of JNK and mammalian target of rapamycin
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(mTOR) kinase in TirS/Sigirr" Thl7 cells compared to wild-type controls. Mice deficient in 

Tir8/Sigirr also display exacerbated EAE with enhanced CNS pathology and infiltration of 

proinflammatory T cells (181). Increasing evidence also suggests a role for Toll/IL-IR family 

members in the pathogenisis o f rheumatoid arthritis (RA) (189, 190), with recent studies 

identifying TIR8/SIGIRR as a potential therapeutic target in such disorders. A study by 

Drexler et. al. has demonstrated that Tir8/Sigir''mice; display enhanced disease in both the 

collagen antibody and zymosan induced models o f arthritis. There are likely dual roles for 

TIR8/SIGIRR in the observed phenotype as Tir8/Sigirr'' mice showed a clear reduction in 

disease severity when treated with IL-lRa however significant inflammation was still clearly 

evident, likely due at least in part to dysregulated TLR induced inflammation in the absence 

o f TIR8/SIGRR. Importantly, TIRS/SIGIRR overexpression in human primary myeloid cells 

inhibited TLR-induced cytokine production, whilst TirS/Sigirr knockdown resulted in 

increased cytokine production following TLR stimulation. Moreover, SIGIRR overexpression 

inhibited the spontaneous release of cytokines by human RA synovial cells (191).

Data implicating TIRS/SIGIRR in the pathogenesis o f human disease is limited. However the 

observations from the murine RA studies are broadly in line with a psoriatic arthritis (PsA) 

study identifying TirS/Sigirr as significantly downregulated amongst a cohort o f genes 

involved in the inhibition o f irmate and acquired immune responses, suggesting that its 

reduced expression in PsA could also be influencing disease susceptibility or severity (192).

Based on these observations we were interested to assess a direct role for TIRS/SIGIRR in 

the regulation of dermal inflammation in psoriasis and more specifically investigate its 

potential role in the regulation of innate IL-17A and proinflammatory cell subsets in such 

settings
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1.6 Aims

The overall aim o f this study was to investigate novel mediators o f  type 17 responses and the 

mechanisms o f action whereby sCD25 and TIR8/SIGIRR regulate the expression o f IL-17A 

from CD4^ and innate T cells respectively. Furthermore we will investigate the impact o f 

such regulatory activity on the loss o f self tolerance in autoimmune disease. Specific aims are 

as follows:

• To assess the role o f sCD25 in the progression o f  autoimmune disease and provide 

novel insights on its impact on both pathogenic and regulatory T cell subsets in vivo.

•  To investigate the impact o f  sCD25 on T h l7  differentiation, the lineage specific 

characteristics o f  T h l7  cells and the pathways implicated in their regulation.

•  To investigate the role TIR8 plays in the regulation o f IL -lR l signalling and 

associated 1L-17A expression in y5 T cells and other innate lymphoid subsets.

•  To investigate a possible role for TIR8/SIG1RR in the regulation o f innate IL-17A 

expression in settings o f  psoriatic inflammation and to define and characterise the cell 

types subject to this regulatory activity.
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Chapter 2: Materials and Methods
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2.1 Materials

2.1.1 Ammonium chloride lysis solution

0.87%  Ammonium chloride (NH4CI)

Dissolved in 100 ml ddH2 0  and filter sterilised

2.1.2 Cell culture medium

Roswell Park Memorial Institute-1640 medium (RPMI) or Dulbecco's M odified Eagle 

Medium (DM EM ) (both fi-om Sigma) were supplemented with 10% heat inactivated foetal 

ca lf serum (PCS; Biosera), 100 mM L-Glutamine (Gibco) and 100 |ag/ml 

penicillin/streptomycin (Biowest). cRPMI supplemented with p-mercaptoethanol (2-ME 50 

^M) was used to culture T cells, splenocytes and lymph node cells ex vivo.

2.1.3 ELISA stopping solution

1 M H2SO4

2.1.4 ELISA washing buffer

Ix PBS 0.5% Tween
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Table 2.1 ELISA kits used in the study
Cytokine Supplier Top Working Standard

IL-2 eBioscience 4-500 pg/ml

IL-17A eBioscience 8 - 1 0 0 0  pg/ml

IL-lp eBioscience 8 - 1 0 0 0  pg/ml

lL-23 eBioscience 8 - 1 0 0 0  pg/ml

IFN-y eBioscience 15-2000 pg/ml

IL-17F eBioscience 15-2000 pg/ml

IL-17A/F eBioscience 15-2000 pg/ml

2.1.5 MACS buffer

2% FCS 

2 m M  ED T A  

M ade up in sterile PBS

2.1.6 Phosphate-buffered saline (PBS) 20X

800 g  N aC l 

92 g  N a2H P04  

20 g  K H 2 PO 4 

20 g  KCL

D isso lved  in 5L o f  dH 20, pH  7 5

2.1.7Formalin Solution (10%, unbuffered):

10 ml Form aldehyde (37-40% )
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90 ml Distilled water

2.1.8 Isotonic percoll solution

Isotonic percoll solution was prepared by diluting Percoll reagent (GE Healthcare) 9:1 with 

sterile lOX PBS (Sigma-Aldrich). Isotonic percoll solution prepared this way had density o f 

1.123 g/ml. 40%  and 70% isotonic percoll solution (made in sterile PBS) was used for 

isolation o f  m ononuclear cells from brain tissue.

Table 2.2 Recombinant cytokines used in these studies
Cytokine Supplier Cone. In vitro Dose In vivo

TGF-p Miltenyi Biotech 5 ng/ml N/A

lL-6 eBioscience 10 ng/ml N/A

IL-ip cBioscience 10 ng/ml 100 ng/mouse

IL-23 eBioscience 10-50 ng/ml 100 ng/mouse

IL-2 Miltenyi-Biotech 200 U/ml N/A

sCD25 SINO Biological 1 |ig/ml-20 |ig/ml 25 jxg/dose

Table 2.3 TLR ligands used in the study
TLR Ligand Supplier Cone. In vitro Dose In vivo

LPS Invivogen N/A 500ng

CpG9 Sigma-Genosys N/A lOng

Imiquimod Invivogen 2 ng/ml N/A
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Table 2.4 Inhibitors used in the study
Inhibitor Supplier Cone. In vitro

SP600125

Temsirolimus

Sigma

Sigma

2)aM - lO^M 

0.4nM -  2 nM

Table 2.6 Antibodies used in cell cultures and in vivo
Antibody Supplier Cone. In vitro Dose In vivo

Anti IFN-y BioXcell 10 ng/ml N/A

Anti IL-2 eBioscience 10 ^g/ml N/A

Anti IL-17A BioXcell N/A 100 ng/mouse

Unspecified IgGl BioXcell N/A 100 ng/mouse

Anti-y6 TCR BioXcell N/A 125-250 \xg

Table 2.7 Antibodies used for FACS and flow cytometric analysis
Antibody Flurochrome Clone Supplier

CD4 PE GK1.5 eBioscience

CD4 AFC RM4-5 eBioscience

CD4 PE-CY7 GK1.5 eBioscience

CD3 FITC 145-2C11 eBioscience

CDS PE 145-2C11 eBioscience

CDS APC 145-2C11 eBioscience

CD25 PE PC61.6 eBioscience

CCR6 Alexa F647 236A/E7 BD

pStatS PE pY705 BD
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pStatS PE pY694 BD

RORyT PE AFKJS-9 eBioscience

F0XP3 APC FJK-16S eBioscience

CD45 e450 30-FII eBioscience

y5 TCR APC eBio GL3 eBioscience

y5 TCR FITC eBio GL3 eBioscience

Vy4 PE UC3-10A6 Biolegend

IL-17A PE eBio 17B7 eBioscience

1L-17A FITC TC1I18H-10.1 Biolegend

1L-17A APC eBio 17B7 eBioscience

IFN-v APC XMG1.2 eBioscience

IL-2 PE JES6-5H4 eBioscience

IL-22 APC IL-22JOP eBioscience

BRDU FITC B44 BD

Table 2.8 Other reagents used in FACS and flow cytometric analysis
Chemical Description Supplier Concentration

CFSE
Cell membrane dye 

(FL-1) Invitrogen 2.5 |ag/ml

7-AAD Viability dye (FL-3) eBioscience 1:100

PMA Mitogen Sigma 10 ng/ml

lonomycin lonophore Sigma I ^g/ml

Brefeldin-A Golgi inhibitor Sigma 5 |ag/ml
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Table 2.9 Primers used in quantitative real time PCR
Gene Protein Product Code Supplier

ISSrRNA ISSrRNA 4319413E ABI

11-7A 1L-17A Mm00439619_ml ABl

11-23 IL-23 Mm00518984_ml ABI

11-1 ̂ IL-lp Min00434228_ml ABI

11-22 IL-22 Mm00444241_ml ABI

2.1.9 Animals

Wild type C57BL/6 mice were purchased from Harlan UK. Tir8/Sigirf'' mice on a C57BL/6 

background were generated as previously described (193). IL-17A-eGFP transgenic reporter 

mice were provided by Prof. P. Fallon (TCD). All mice were housed under specific pathogen 

free conditions at Institute for M olecular M edicine, St. James Hospital Dublin. All animal 

experiments were performed in compliance with Irish Department o f  Health regulations 

(license number B 100/4272) and approved by the institutional ethical review board. Mice 

were age matched for every experiment and were 12-20 weeks old at the initiation o f  the 

experiments.

2.2 Methods 

2.2.1 Cell counting

48



Cell counts were performed by diluting cells (routinely 1/10 dilution) with trypan blue 

(Sigma). A 10 |j,l volume o f the cell suspension was then loaded onto a disposable 

hemocytometer (Hycor Biomedical, UK). The number o f  viable cells (appearing as white in 

contrast to dead cells, which stain blue) was counted using a light microscope. The number o f 

cells per ml, was calculated using the following formula: number o f cells per ml = cell 

number x 1 O'* x dilution factor.

2.2.2 CFSE labelling o f cells

Carboxyfluorescein succinimidyl ester (CFSE) is a lipid-based fluorescent dye that binds to 

cell membrane without affecting cell function and is used to assess cell proliferation. When 

cells divide, CFSE labelling is distributed equally between the daughter cells, which therefore 

have half o f  the fluorescence o f  the parent cell. Proliferation can be monitored by flow 

cytometry (FL-1) and is seen as a decrease in fluorescence intensity. A single cell suspension 

was prepared from spleens o f naive mice. Red blood cells were lysed with 1 ml o f heated 

0.87% ammonium chloride for 2 min, washed and pelleted by centrifugation at 1200 rpm for 

5 min. Cells were resuspended in 5 ml o f  warm PBS and added to previously prepared 5 ml 

o f 5 |ag/ml CFSE in PBS. Cells were incubated with the dye for 2.5 min (final working 

concentration 2.5 |J.g/ml), constantly mixed by inverting the tube. At the end o f  the incubation 

time 3 ml o f  FCS was added to quench residual dye and cells were centrifliged at 1200 rpm 

for 5 min. Cells were then resuspended in cRPMI, and counted before further use.
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2.23 T cell isolation by FACS

Freshly isolated spleen cells from naive mice were washed and resuspended in a maximum 

volume o f 1 ml o f RPMI. Cells were surface stained with fluorescent antibodies directed 

against CDS and y5 TCR (1/100 dilution). Double positive cells were purified by FACS with 

a MoFLo cell sorter (Beckman Coulter). Cellular purity was determined by flow cytometry 

and was consistently > 98%

2.2.4 T cell isolation by MACS

y8 T cell were purified from pooled inguinal, auxiliary, brachial, cervical and mesenteric 

lymph node cells by sequential MACS sorting using TCRyS T cell isolation kit (Miltenyi 

Biotec) as follows: first non-T cells were directly labelled with M icroBeads conjugated to 

monoclonal antibodies against mouse CD45R (B220; isotype; rat IgG2a), and CD l lb  (Mac-1 

a-chain; isotype: rat IgG2b) while y5 T cells were labelled with biotin-conjugated 

monoclonal antibody against mouse TCRy8. Non-T cells were depleted on an autoMACS 

machine using the “depl05” program. y5 T cells in remaining T cell enriched fraction were 

indirectly labelled with Anti-Biotin M icroBeads and purified by positive selection on an 

autoMACS machine using the “posseld2” program. Cellular purity o f separated populations 

was determined by flow cytometric analysis and was routinely >90%. y8 T cells were seeded 

at 0.5 X 10  ̂cells/ml and stimulated as required.

2.2.5 In vitro differentiation and stimulations
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For all CD4^ T cell stimulations cells were activated in the presence o f plate bound anti-CD3 

S^ig/ml and anti CD28 5^g/ml. For T h l7  differentiation cells were cultured in the presence o f 

TGF-P (5 ng/ml), IL-6 (10 ng/ml), anti-IFN-y (10 |Jg/ml) (XMG 1.2) and anti-IL-4 (10 ng/ml) 

( l l B l l ) .  For Thl differentiation cells were cultured with IL-12 (10 ng/ml) and anti- IL-4 

(lO^g/ml). iTreg cells were induced in the presence o f TGF-p (5 ng/ml) and rIL-2 (lOU/ml). 

After 72-96 hours supernatants were analysed by ELISA and cells were examined for 

intracellular cytokine/transcription factor expression by flow cytometry. Restimulation 

conditions for visualisation o f  intracellular cytokines are described in section 2.2.10

2.2.6 Measurement of cytokine concentration by ELISA

Cytokine concentrations were determined using Ready Set Go ELISA kits (eBioscience) 

according to the manufacturer guidelines. High binding microtitre plates (Greiner bio-one) 

were coated overnight at 4°C with 50 |il per well o f capture antibody diluted in PBS. Plates 

were washed 5 times in ELISA wash buffer (PBS / 0.05% Tween 20) and non-specific 

binding sites were blocked by incubation with 150 |al o f  blocking buffer (eBiosciences) for 2 

h at room temperature. Plates were again washed 5 times before the addition o f 50 |il per well 

o f sample supernatant or an eight point two-fold serial dilution from the top working standard 

recombinant protein for each cytokine diluted in ELISA assay diluent (eBiosciences). Plates 

were incubated overnight at 4°C. After washing, 50 |il o f  specific biotinylated detection 

antibody diluted in ELISA assay diluent was added per well and incubated at room 

temperature. Plates were again washed 5 times and incubated with 50 |il / well horseradish 

peroxidase (HRP)-conjugated streptavidin for 20 min at room temperature. Plates were 

washed 7 times and 50 |il o f  TMB substrate (eBiosciences) added to each well. The enzyme
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reaction was stopped by the addition o f  25 fxl/well o f 1 M H 2 S O 4 .  The OD values were 

determined by measuring absorbance at 492 nm using a Synergy Mx microplate reader 

(BioTek) and cytokine concentrations for supernatant samples were calculated against the 

standard curve prepared using recombinant mouse cytokine provided in the Ready Set Go 

ELISA kit.

WT and Tir8/Sigirf^' splenocytes or FACS sorted yS T cells were cultured in the presence o f  

IL-23 (10 ng/ml) and IL-23 (0.01 ng/ml - 10 ng/ml). These assays were performed in the 

absence o f  plate bound antibody stimulation for 72 hours to assess the innate responsiveness 

o f  the cells present to these stimuli before analysis o f  the cell culture supernatants by ELISA.

2.2.7 Induction, treatment and assessment ofEAE

EAE was induced according to manufacturer’s instructions using active EAE induction kit 

EK-0113 (Hooke Labs MA. U.S.A). Mice were injected sub-cutaneously on day 0 with equal 

lOÔ il volumes in the upper and lower back o f  preforumlated M O G 3 5 . 5 5  for a total dose o f  

200|ig/mouse. Pertussis toxin (200ng) was also injected on day 0 and 24 hours later Mice 

were monitored daily for signs o f  disease with disease severity scored as follows 0. Normal, 

1. Limp tail, 2. Wobbly gait, 3. Severe hind limb weakness 4. Complete hind limb paralysis 

5. Moribund or death. Recombinant sCD25 (25ng/mouse) was administered immediately 

prior to immunization and every 12 hours thereafter for the first 3 days through sub cutaneous 

injection close to the site o f  immunisation. Control mice were treated with PBS vehicle.

2.2.8 Mononuclear cell (MNC) isolation from CNS tissue
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Mice were anesthetized by intra-peritoneal injection o f  40 |il pentobarbital (Eutheathal) and 

perfijsed intra-cardially with 20 ml ice-cold PBS to remove peripheral blood from CNS 

tissue. Brain tissue was isolated, homogenised in ice-cold Hanks Balanced Salt Solution 

containing 3% PCS (HBSS/FCS), and passed through 100 |im cell strainer. Tissue 

homogenate was washed with HBSS/FCS and centrifuged at 170 g for 10 min. Cell pellet 

was then suspended in 2 ml o f HBSS/FCS containing Collagenase D (1 mg/ml; Calbiochem) 

and DNase 1(10 |ig/ml; Calbiochem) and incubated for 45 min at 37°C with gentle shaking. 

Cells were then washed in HBSS/FCS and resuspended in 5 ml o f  40% isotonic percoll 

solution. This was carefiilly overlayed on 5 ml o f 70% isotonic percoll solution with a plastic 

Pasteur pipette. Percoll gradients were centrifuged at 2,000 g for 20 min at 18°C, without 

brake. After centrifugation MNC were found on the interface between 40%  and 70% percoll 

solutions, myelin debris was floating on the surface o f  the 40% percoll. Cells were aspirated 

with a Pasteur pipette, washed twice with cRPMI and counted before further analysis. The 

yield o f  MNCs and CD4^ T cells for a typical isolation from Brain and spinal chord is isted 

below. Due to low numbers o f cells from spinal chord isolations individual mice were pooled 

before flowcytometric analysis.

Table 2.10 Yields and purities from a typical M NC isolation from CNS tissue

BRAIN %CD4^ Total Cells Total CD4^
PBS 1 2.52 2.60x10^ 6.55x10^
PBS 2 10.4 1.46x10^ 1.52x10"
PBS 3 23.7 8.00x10^ 1.90x10^

SCD25 1 36.7 4.30x10^ 1.58x10^
SCD25 2 6.86 3.00x10^ 2.06x10"
SCD25 3 19 4.46x10^ 8.47x10"
SPINAL %CD4^ Total Cells Total CD4"
CHORD

PBS 1 27.3 4.60x10" 1.26x10"
PBS 2 27.3 1.20x10'' 3.28x10^
PBS 3 27.3 8.60x10" 2.35 xlO"
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SCD25 1 34.2 4.30x10^ 1.47x10^
SCD25 2 34.2 3.00x10^ 1.03 xlO^
SCD25 3 34.2 2.73x10^ 9.34x10''

2.2.9 Antigen specific restimulation

Single cell suspensions were prepared by hom ogenising spleen or inguinal lymph nodes 

through a 40 |im cell strainer. Cells were centrifuged at 1200 rpm for 5 min and red blood  

cells were lysed by incubating loose cell pellets with heated 0.87% ammonium chloride. 

Cells were washed with cRPM l, centrifiiged at 1200 rpm for 5 min and counted using trypan 

blue solution. Cells were resuspended at 2 x 10  ̂ (spleens) or 1 x 10  ̂ (lymph nodes) and 

seeded in 200 |il in a 96-w ell U-bottomed plate. Premade MOG peptide solution (H ooke labs) 

was added to triplicate w ells at final concentrations o f  2-50 |ig/m l. PMA at 10 ng/ml and 

anti-mouse C D 3s antibody at l|ig /m l were used as a positive control. Cells were incubated 

for 72 h at 37°C/5% CO2 and cytokine concentration in the supernatants was quantified by 

ELISA.

2.2.10 Flow cytometry 

Surface staining

Single cell suspensions, prepared from organs isolated from in vivo  studies or obtained from 

in vitro cultures were added to a FACS tube at 1 x 10  ̂ cells in 100 îl per tube. The cells were 

washed in FACS buffer and centrifuged at 1200 rpm for 5 min. Cells were then incubated
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with the appropriate dilution o f FACS antibody directed against a surface antigen for 15 min 

at room temperature in the dark. In parallel, single stained compensation controls were 

prepared using FACS comp beads (BD). Fluorescence minus one (FMO) controls were also 

stained where required. Excess staining antibody was removed by washing each tube twice in 

FACS Buffer, 1 ml per tube, with centrifugation at 1200 rpm for 5 min between each wash. 

Cells were resuspended in 0.5 ml FACS buffer for the analysis. If the discrimination o f live 

and dead cells was required 7-AAD (1/200 Miltenyi Biotech), which is a fluorescent DNA 

dye that only stains dead cells (as intact membranes prevent the ingress o f the dye into live 

cells), was added to the tubes directly before acquisition by flow cytometery.

Restimulation prior to intracellular staining

Cell suspensions were added to a sterile FACS tube at 1 -2 x 10  ̂cells in 500 |j1 per tube. Cells 

were activated with PMA (10 ng/ml) and lonomycin (1 |ag/ml) in the presence of Brefeldin A 

(BFA) (5 |ig/ml) in cRPMl supplemented with 2-ME (50 ^M) and incubated at 37°C and 5% 

C 02 for 6 h. Alternatively, cells were incubated with BFA alone for 4 hours at 37°C. Cells 

restimulated ex vivo from aldara treated mice were inclubated in the presence o f IL-23 (50 

ng/ml) for 18 hours with BFA for the final 4 hours. After incubation, cells were washed twice 

with 3 ml o f FACS buffer, pelleted by centriftjgation at 300 g for 5 min and stained as 

required.

Intracellular staining

In order to detect intracellular proteins of interest cells were first stained with surface 

antibodies, as described above. Cell were washed with facs buffer and resuspended in 

Fix/Perm solution (eBioscience) and incubated for 30 min at 4oC in the dark. Cells were then
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washed twice with PermeabiHzation Buffer (eBioscience) and stained with the appropriate 

fluorochrome-conjugated antibody (eBioscience) diluted in Permabilixation Buffer. After 30 

min cells were washed twice with Permabilization buffer followed by centrifugation at 1200 

rpm for 5 min, resuspended in 0.5 ml FACS buffer and acquired as described above.

Stained cell suspensions were acquired using LSR II or LSR FORTESSA (BD) flow 

cytometers according to the m anufacturer’s instructions. The flow cytometer was calibrated 

using single-stained suspensions o f  compensation beads (BD). For all experiments initial 

gating was performed on live lymphocytes from forward versus side scatter plots. CD4^ T 

cells were gated on CD4 positive cells from the live lymphocyte gate. Gating for y5 T-cells 

and subsets were performed for CD45, yd  TCR and Vy4 positivity as appropriate. Other 

unconventional cell subsets were gated on CD45 positive and CD3 negative staining. The 

extent o f intracellular positive intracellular staining signal was determined using appropriate 

isotype control antibodies. Flow cytometry data analysis was performed using FlowJo 

(Treestar) software.

2.2.11 Subcutaneous footpad model and ex vivo analysis of BrdU 

incorporation

Mice were injected subcutaneously (s.c.) into the footpad with reagents dissolved in PBS in a 

total volume o f  25 fil (50 |o,l/mouse). The lymphatics o f the foot drain preferentially to the 

easily isolated popliteal LN (pLN), located behind the knee. pLN were removed 4 h after 

immunisation and cells were used as required.
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BrdU flow kit (BD Pharmingen) was used according to manufacturer’s instructions for in 

vivo BrdU labelling o f cells. Mice were injected intraperitoneally with BrdU (Img/mouse) 

48hrs and 24hrs prior to initiation of the footpad model as described above. Upon isolation 

cells were stained for surface protein before fixation and permeabilisation with BD 

Cytofix,Cytoperm Buffer. Cells were subsequently treated with DNasel to expose 

intracellular BrdU and stained with anti-BrdU antibody.

2.2.12 Aldara and IL-23 induced models of Psoriasis

Aldara™ model

Mice were shaved on their back before hair removal using a depilatory cream. 2 days later 

Imiquimod (5% Cream, Aldara’*''̂  MEDA Pharmaceuticals, Dublin, Ireland) or control cream 

was applied to the back (3.125mg/day) or ears (Img/day) of mice for 1-7 days, depending on 

experimental requirements. Ear thickness was measured using a thickness gauge (Hitec) 

before the initiation o f the experiment on day 0 and every day thereafter until the termination 

of the experiment. Cells from skin draining lymph nodes were restimulated with IL-23 (50 

ng/ml) for 12 hours before further analysis by flow cytometry as described above. Ears from 

WT and Tir8/Sigirr-I- mice were also taken and homogenised in PBS containing a protease 

inhibitor cocktail (Sigma, UK). Protein concentrations were equalised and homogenate was 

analysed for expression o f IL-lp and IL-23 by ELISA. For IL-17A neutralisation experiments 

mice were treated on day 0 and day 2 with 250|iig/mouse o f anti IL-17A antibody (17F3) or
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mouse IgGl isotype control (MOPC-21) (Bio-X-Cell, West Lebanon, NH, USA) and disease 

was monitored as previously described (194).

IL-23 intra-dermal injection model

WT and Tir8/Sigirr'' mice were anesthetised and injected intradermally with either 200ng IL- 

23 or PBS in a 20p.\ volume every day using a 30g needle. Ear thickness was measured using 

a thickness guage (Hitec) before the initiation of the experiment on day 0 and every day 

thereafter for a period o f 7 days. At the experimental endpoint ears were cut into small pieces 

and digested for 1 hour at 37 °C in complete RPMI supplemented with 1 mg/ml Collagenase 

D and 100 mg/ml DNASE I before passing through a 40|iM filter to form a single cell 

suspension. Cells from psoriatic skin were restimulated with PMA (10 ng/ml) and ionomycin 

(1 |ug/ml) for 2 hrs in the presence o f Brefeldin A (5 ^lg/ml) before further analysis by flow 

cytometry.

2.2.13 Histopathological analysis of Tissue

Tissue was fixed overnight in 10% formalin before embedding into paraffin blocks. 8^m 

sections were subsequently cut and rehydrated in progressively decreasing concentrations of 

IMS (100%-70%) before stained with haematoxylin and eosin. Sections were then dehydrated 

in progressively increasing concentrations o f IMS (70%-100%) and coverslipped. Sections 

were scored blindly for pathological manifestations o f psoriatic inflammation on a scale o f 0- 

4 (0, no observable difference over control; 1, mild; 2, moderate; 3, marked; 4, severe), for
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the following parameters acantosis, desquamation, parakeratosis and infiltration. Scores for 

each parameter were combined for an overall histological severity score.

2.2.14RNA isolation

Extraction o f RNA from whole tissue was performed using Isolate RNA mini Kit (Bioline) 

according to manufacturer instruction. Cells or tissue homegenates were lysed with 450 |j.l of 

lysis buffer R and passed through a 23 gauge needle. 1 volume o f 70% ethanol was added to 

the lysates and samples were transferred to the spin column R2 and centrifuged for 2 minutes 

at 10,000 g after which the flow through was discarded. Column was washed once with 500 

|al of AR wash buffer and then with 700 |ul of BR wash buffer. After each wash column was 

centrifuged for 30 sec at 10,000 g and flow through was discharged. Finally column was 

placed in a new collection tube and RNA was eluted with 20 |il o f RNase-free H 20 by 

centrifugation for 2 min at 10,000 g. RNA concentration was determined 

spectrophotometrically using a Nanodrop (Thermo Scientific) according to the 

manufacturer’s instructions.

2.2.15Reverse transcription and real time PCR reaction

RNA samples were reverse-transcribed into cDNA using the Applied Biosystems High 

Capacity cDNA Reverse Transcriptase kit (Applied Biosystems), according to the 

manufacturer’s protocol and the cDNA reverse transcriptase product was diluted 1:4 with 

nuclease free water. Transcripts were quantified by real time quantitative PCR on an ABI
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7500 Fast Real Time PCR System with Applied Biosystems predesigned Taqman Gene 

Expression Assays and reagents according to the manufacturer’s instructions. For each 

sample, mRNA abundance was normalised to the amount o f 18S ribosomal RNA (rRNA) and 

is expressed as fold difference compared to cells incubated in medium only or as fold 

difference compared to control mice.

2.2.1 SStatistical analysis

Statistical analysis was performed using the computer based mathematical package GraphPad 

Prism. Student’s t test was used to compare the mean values between two groups. Statistical 

differences in mean values between more than two experimental groups were determined by 

One-way Analysis of Variance (ANOVA) followed by Tukeys post test or by Two-way 

ANOVA with repeated measures where appropriate. P values less than 0.05 were considered 

significant.
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Chapter 3: sCD25 enhances the generation of Thl7 responses 

and autoimmunity
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3.1 Introduction

Upon its discovery IL-2 was initially classified as a pro-inflammatory cytokine due to its 

ability to enhance the proliferation o f activated T cells. However with the fatal T cell driven 

autoimmunity observed in mouse strains deficient in IL-2 or its receptor CD25 it has become 

clear that the primary non-redunant role for IL-2 is in the maintenance o f peripheral T cell 

tolerance (195, 196). IL-2 exerts these pleiotrophic effects through its receptor, a 

heterotrim eric complex expressed on the surface o f activated T cells consisting of the a  chain 

(CD25), 3 chain (CD 122) and the common y chain (CD 132). A number o f studies have 

explored the mechanisms through which IL-2 elicits its tolergenic effects. IL-2 signalling is 

essential for the maintenance o f competitive fitness o f peripheral regulatory T cells, cells 

which are established as important for modulation o f autoreactive T cells responses (197). It 

also functions to directly inhibit the generation of Th 17 responses both in vitro and in vivo 

(154), furthermore there is a strong genetic association between mutations at the il-2 and 

cd25 gene loci and a number o f T cell driven autoimmune disorders (113). Interestingly a 

number o f these susceptibility alleles correlate with elevated levels o f the soluble form of the 

IL-2R alpha chain, sCD25 in the serum of patients (113, 198). Despite such observations 

suggesting a role for sCD25 in disease pathogenesis its precise role in directing pathogenic T 

cell subsets, if  any, is currently unclear. sCD25 is shed from the surface o f activated T cells 

with the rate of shedding directly correlating with the proliferation o f these cells. The levels 

o f sCD25 in the serum of patients are remarkably stable in steady state conditions and as such 

sCD25 is classically viewed as a biomarker o f activation in disorders with a T cell component 

(167) but the possibility that these elevated levels of sCD25 could be contributing to the 

progression o f disease has yet to be determined. A number o f other soluble cytokine receptors 

have been identified as both having antagonistic properties, IL-6R (168) or agonistic
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properties IL-IRI relavant to their respective signalling recpetors in immune responses 

(169). Furthermore soluble receptors such as IL-4R have been described as acting as 

chaperones or carrier proteins for their ligands (169).

The role sCD25 plays in the context of IL-2R signalling is also currently unclear, although 

there are a number o f studies which describe an inhibitory role for sCD25 in lL-2 mediated 

responses in vitro (113, 199) but whether these observations are of relevance in vivo has not 

been investigated.

The primary focus o f this section of the study was to investigate a potential role for sCD25 in 

the progression of autoimmune disease and provide novel insight into its impact on both the 

pathogenic and regulatory subsets in vivo. Furthermore we wanted to assess the impact of 

sCD25 on the in vitro differentiation of CD4^ T cell subsets and explore the pathways 

implicated in their regulation.
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3.2 Results

3.3.1 sCD25 treatment enhances antigen specific IL-17A but does not impact 

F0XP3 generation in the periphery

Serum sCD25 is present at elevated levels in patients carrying alleles known to confer 

susceptibility to autoimmune diseases. However despite these observations a specific role for 

elevated sCD25 in the pathogenesis o f such conditions has yet to be formally identified. In 

order to address the possibility that sCD25 could enhance Thl7 generation in vivo C57BL/6J 

mice were immunized sub-cutaneously with MOG35.55 emulsified in complete freunds 

adjuvant (CFA). MOG35.55 is a myelin antigen reported to be targeted by pathogenic T cells in 

EAE (114). Mice were treated sub-cutaneously with sCD25 (12.5ug) immediately prior to 

immunisation, and every 12 hours thereafter for the first 3 days. After 7 days cells from 

draining lymph nodes were restimulated ex vivo in the presence of MOG55.55 for 72hrs. Levels 

of IL-17A and IFN-y in the cell culture supernatants were subsequently assessed by ELISA. 

Levels o f antigen specific IL-17A were significantly enhanced from mice treated with sCD25 

whilst there was were no significant differences in the levels o f IFN- y (Fig. 3 .1 A). 

Furthermore analysis o f IL-17 expression by flow cytometric analysis demonstrated enhanced 

expression o f IL-17A from mice treated with sCD25 (Fig. 3 .IB). To assess the potential 

impact o f sCD25 treatment on Treg cells expression o f F0XP3 in the lymph nodes was also 

assessed by flow cytometric analysis. No differences in percentages (Fig. 3.1C) or relative 

levels (Fig. 3 .ID) o f Tregs were observed between mice treated with PBS compared to those 

treated with sCD25. Data shown is representative of two separate experiments comprising 3 

mice per group. Together these data demonstrate that sCD25 is capable of enhancing antigen 

specific IL-17A expression without any apparent impact on Tregs.
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Fig 3.1 sCD25 enhances peripheral antigen specific T hl7 responses.
(A) Levels of IL-17A and IFNy secreted by draining lymph node cells o f mice immunized and treated 
as above (3 per group), isolated after 9 days, and restimulated ex vivo with MOG3 3 -5 5  (10 ng/ml) for 
72 hours. (B) Percentage of CD4'" IL-17A-eGFP+ve cells after ex vivo restimulation in the presence of 
MO5 3 5 .5 5  (10)jg/ml) for 72 hours. (C) Percentage and (D) relative number ratios of 
CD4^FoxP3^:CD4'^FoxP3- T cells in the draining lymph nodes o f both sCD25 and control treated 
immunized mice. 3 mice per group were analysed. Statistical significance determined by unpaired 
student's t-test, * p<0.05, **p<0.01.
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3.3.2. Enhanced EAE severity in mice treated with sCD25

As sCD25 enhances MOG antigen specific T cell responses in vivo it was important to 

examine whether these effects could modulate disease pathogenesis in EAE. Mice were 

immunised with M O G 3 5 - 5 5  peptide emulsified in CPA and treated with the same regimen o f 

PBS or sCD25 as described above. Disease progression was monitored and scored using 

established scoring protcols. Mice treated with sCD25 display a significantly enhanced 

disease phenotype during the onset and induction phase of disease (Pig. 3.2A), this enhanced 

disease was also associated with a higher weight loss in mice treated with sCD25 (Pig. 3.2B) 

These data demonstrate that enhanced sCD25 in EAE leads to exacerbated autoimmune 

disease.

3.3.3 Intracellular staining ofCNS infiltrating lymphocytes during active EAE.

In order to determine the impact o f sCD25 treatment on pathogenic CNS infiltrates 

mononuclear cells were isolated from the spinal cords of mice on day 15 post induction of 

EAE before staining for IL-17A and IPN-v- Significantly enhanced numbers o f MNCs were 

detected in the spinal chords o f sCD25 treated mice (Pig. 3.3B), however the relative 

percentages o f infiltrating Thl versus Thl7 cells was unaltered between groups (Pig. 3.3A), 

the observed disease phenotype correlated with significantly increased numbers o f pathogenic 

Thl and T h l7 cells infiltrating into the spinal cord o f sCD25 treated mice compared to mice 

treated with PBS (Pig. 3.3C).
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Fig 3.2 Exogenous sCD25 enhances autoimmunity.
(A ) M O G 3 3 - 5 5  im m unized C 57B L /6 m ice developed EAE and (B ) lost w eight from day 12 after 
im m unization with a peak o f  d isease severity observed from day 15. Subcutaneous administration o f  
recombinant sC D 25 (25 |ig /m ouse) im m ediately prior to im munization and every 12 hours thereafter 
for 72 hrs resulted in a significant exacerbation in severity o f  sym ptom s during disease onset and 
induction. 6 -7  m ice used per group. Statistical significance determined two way anova, * p<0.05,
**p< 0 .0 1 , ***p< 0 .0 0 1 .
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Fig. 3.3 Exacerbated disease phenotype with exogenous sCD25 is associated with enhanced 
infiltration of T hl and T hl7 cells into the CNS.
(A) M ononuclear cells harvested from spinal cords o f  control (PBS) and sCD25 treated IL-17A-eGFP 
reporter mice (3 per group) on day 15 after imm unization with MOG 3 5 . 5 5  and analysed for expression 
o f  IL-17 and IFN-y by CD4"^ cells. (B) Total num ber o f  MNC cells isolated (C) Cell num bers o f  
CD4"^IL-17^ and €04"^ IFNy^ cells in spinal cords o f  IL-17A-eGFP reporter m ice at day 15. Cells 
were gated initially on live lym phocyte populations before gating on CD4'^ and subsequent analysis o f  
CD4'^ cells for dual expression o f  IL-17A and IFN-v. Cell counts were perform ed initially on each 
individual m ouse prep before pooling each mouse in the group for flow cytometric analysis, 
significance determ ined by unpaired student’s t-test, *p<0.05 **p<0.01, ***p<0.001
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3.3.4 sCD25 enhances the generation ofThl 7 responses in vitro.

IL-2 has been implicated as a negative regulator o f Thl7 differentiation both in vitro and in 

vivo (154), as we have demonstrated the ability o f sCD25 to exacacerbate autoimmune 

disease we sought to determine the mechanistic basis behind these events by investigation of 

the impact sCD25 has on the generation of Thl7, Thl and Treg responses in vitro. CD4^ T 

cells were differentiated towards a T h l7 phenotype in the presence o f TGF-p, IL-6, anti-IFN- 

Y and anti-IL-4 alone or with 1 |ig/ml, 5 ng/ml, 10 fig/ml or 20|ag/ml sCD25. Levels of IL- 

17A in the cell culture supernatants were assessed by ELISA with a dose dependant increase 

in 1L-17A expression from the cells treated with sCD25 was observed compared to T h l7 

conditions (Fig. 3.4A). A threefold increase was observed at the highest concentration of 

sCD25 compared to Thl 7 conditions alone. Flow cytometric analysis for expression of IL- 

17A from these cells demonstrated a similar dose dependant relationship with sCD25 capable 

of greatly enhancing expression o f IL-17A compared to Thl7 cultures alone (Fig 3.4B). The 

data shown is representative o f more than five independent experiments. These data 

demonstrate that exogenous sCD25 is capable o f enhancing T h l7 responses in vitro and 

suggest a mechanism whereby sCD25 enhances the severity of autoimmune disease observed 

through in vivo administration.
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Fig. 3.4 sCD25 enhances the generation of T hl7 responses in vitro.
Purified naive CD4^ T cells were activated with plate bound anti-CD3 (5^g/ml) and anti-CD28 
(5|ag/inl) and cultured under T h l7  inducing condition, TGF-(3 (5 ng/ml), IL-6 (10 ng/ml), anti IL-4 
(10 |ig/ml) and anti IFN-y (10 |ig/ml) in the presence o f a range o f concentrations of sCD25 (20, 10, 5 
or 1 ng/ml) or anti-IL-2 (10 ng/ml). Cells were activated Levels o f IL-17A or IFNy expression were 
determined after 96 hrs by (A) Flow cytometric analysis and (B) ELISA. These data are 
representative o f at least four independent experiments with similar results. Cells were gated initially 
on live lymphocytes followed by side scatter against CD4 positive before CD4 against the 
intracellular marker of interest Statistical Significance determined by unpaired student's t-test, ♦ 
p<0.05, **p<0.01, ***p<0.001.
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3.3.5 sCD25 does not impact the generation of Thl responses in vitro.

Following on from our observations o f  the capability o f  sCD25 to impact T cell polarisation, 

we were interested to assess a potential role for sCD25 in the regulation o f  Thl responses in 

vitro. IL-2 has been shown to play a role in differentiation to this lineage so conceivably 

interference with available IL-2 from exogeneous sCD25 could modulate Thl lineage 

commitment and IFN-y expression (200).

CD4^ T cells were differentiated towards a Thl phenotype in the presence o f IL-12 and anti- 

lL-4 antibody alone or with increasing concentrations o f sCD25. Intracellular cytokine 

staining yielded no observable difference in IFN-y expression in the presence o f  sCD25 (Fig. 

3.5A). Levels o f  IFN-y in the cell culture supernatants were also assessed by ELISA after 

72hrs (Fig. 3.5B), however no significant differences were observed between cultures with 

sCD25 added compared to those cultured under Thl conditions alone. Together, these data 

demonstrate that sCD25 does not impact the development o f  Thl responses in vitro.

3.3.6 sCD25 does not impact the generation ofTregs in vitro.

Treg cells are accepted as being exquisitely sensitive to homeostatic levels o f IL-2, such that 

it is indispensible for their development and maintenance (201). Therefore we also examined 

the potential for sCD25 to inhibit the development o f  FoxPS positive Treg cells in vitro.
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004"^ T-cells were differentiated to a Treg phenotype with TGF-p and IL-2 in the presence or 

absence o f sCD25. After 72 hours, cells were assessed for FoxP3 expression by flow 

cytometric analysis. No differences in FoxP3 levels were observed between cells treated with 

sCD25 and those that treated with media alone (Fig. 3.6A), indicating that sCD25 does not 

inhibit the in vitro generation of Tregs.
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Fig. 3.5 sCD25 does not impact the generation of Thl responses in vitro.
Purified naive CD4^T ceils were activated with plate bound anti-CD3 (5|ag/ml) and anti-CD28 
(5ng/ml) and cultured under Thl inducing condition, IL-12 (10 ng/ml), anti IL-4 (10 |ig/ml) in the 
presence of a range of concentrations of sCD25 (20, 10, 5 or 1 |ag/ml) or anti-IL-2 (10 i^g/ml). Levels 
of IFNy expression were determined after 96 hrs by (A) Flow cytometric analysis and (B) ELISA. ™). 
Statistical significance was determined by students T test. Cells were gated initially on live 
lymphocytes followed by side scatter against CD4 positive before CD4 against the intracellular 
marker of interest. These data are representative of at least two independent experiments with similar 
results
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Fig. 3.6 sCD25 does
(A) Purified naiVe CD4^ T cells were activated plate bound anti-CD3 (5ng/ml) and anti-CD28 
(5|ag/ml) under Treg inducing conditions, TGF-P (5 ng/ml) and rIL-2 (lOU/ml) for 96 hours, in the 
presence or absence of sCD25 (20 ng/ml) and FoxP3 expression determined by flow cytometric 
analysis. These data are representative o f at least two independent experiments with similar results. 
Cells were gated initially on live lymphocytes followed by side scatter against CD4'^ positive before 
CD4^ against the intracellular marker o f interest

3.3.7 sCD25 does not impact the proliferation or survival of Thl7 cells but 

facilitates IL-6 receptor activity

A reported role o f  IL-2 signalling is the prom otion o f  the survival and proliferation o f  

activated T cells (202). W e w anted to explore the possib ility  that exogenous sCD25 could 
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signalling activity. To assess the impact on proliferation 004"^ T cells were stained with 

carboxyfluorescein succinimidyl ester (CFSE) and polarized to a Thl7 phenotype with 

increasing concentrations of sCD25 added to cultures as before. After 72h the proliferative 

state of the cells was examined by flow cytometry for CFSE dilution as well as intracellular 

cytokine staining for IL-17A expression. Although an increase in IL-17A expression in the 

presence of sCD25 was observed (Fig 3.7A), there was no concomitant difference in 

proliferation of these cells (Fig. 3.7B).

To assess a role for exogenous sCD25 in the survival of Thl7 cells CD4^T cells were 

polarized to a Thl7 phenotype with increasing concentrations of sCD25 added to cultures as 

before. After 48hrs, cells were stained with 7-Amino-Actinomycin D (7-AAD) a common 

cell viability dye, no observable difference in survival between cells cultured in the presence 

of sCD25 and Thl7 conditions alone was observed (Fig. 3.1C).

Activation of STATS downstream of the IL-6R is established as indispensible for Thl7 

generation (30). STAT3 signalling was examined after 48 hours and consistent with the 

enhanced generation of the Thl7 response, a pronounced increase in STATS phosphorylation 

at tyrosine 705 was observed in cells treated with sCD25 compared to Thl7 cultures alone 

(Fig. S.7D). Together these data confirm the ability of sCD25 to enhance the generation of 

Thl7 responses without adversely impacting the viability or proliferation of these cells.
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Fig. 3.7 sCD25 enhances T h l7  respones in vitro without impacting proliferation or survival
Naive CD4^ T cells were stained with CFSE (2.5 |aM) prior to activation under T h l7  conditions in 
presence or absence o f sCD25 (20 |ig/ml). After 96 hours, levels o f intracellular (A) IL-17A 
expression and (B) CFSE dilution or (C) 7AAD incorporation were determined by flow cytometric 
analysis. Purified naive CD4^ T cells were activated under ThO, T h l7  and Thl7&  sCD25 (20 ng/ml) 
conditions for 72 hours and levels o f (D) P-Stat3 (pY705) were assessed by flow cytometric analysis. 
These data are representative o f at least two independent experiments with similar results. Cells w'ere 
gated initially on live lymphocytes followed by side scatter against CD4 positive before CD4 against 
the cell membrane or intracellular marker o f interest

75



3.3.8 sCD25 enhances the development of Thl 7 cells a t early time-points.

Upon in vitro activation CD4^ T-cells can initiate expression o f IL-2 within a matter of hours 

with peak expression commonly observed between 24 and 36 hours. The presence o f IL-2 

during T cell differentiation is inhibitory to the generation o f Thl 7 cells (154) and it has been 

demonstrated that Tregs can enhance the early generation of T h l7 responses through their 

constitutive expression o f CD25 on the cell surface (203). We next sought to determine the 

possibility that sCD25 could enhance early T h l7 differentiation events by limiting the IL-2 

signalling cascade in similar manner.

Initially CD4^T cells were isolated from IL-17A eGFP reporter mice and polarised to a T h l7 

phenotype alone or in the presence o f 20 |j,g/ml sCD25 and after 48 hrs cells were examined 

for IL-17A expression by flow cytometric analysis. Despite limited expression o f IL-17A 

from T h l7 cultures alone, a striking upregulation in expression was observed from cells 

cultured in the presence o f sCD25. An anti-IL-2 neutralisation antibody was used as a 

positive control in this experiment (Fig. 3.8A).

Having established that sCD25 was capable o f enhancing early IL-17A expression we 

examined the impact of sCD25 on the expression o f RORyt, a transcription factor established 

as a key orchestrator o f Thl 7 differentiation and the first to be selectively expressed by Thl 7 

cells (31). CD4^ T cells were polarised to a T h l7 phenotype in the presence o f sCD25 as 

before and after 48h were examined for expression o f RORyt by intracellular nuclear 

staining. Consistent with the IL-17A expression data from Fig. 3.8A, sCD25 enhanced the 

expression o f RORyt in a concentration dependant manner (Fig. 3.8B)
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Fig. 3.8 sCD25 acts early during T hl7 development.
Purified naive CD4^ T cells from IL-17AeGFP reporter mice activated under T h l7  inducing 
conditions in the presence o f sCD25 (20 |ig/ml) or anti-IL-2 (10 |ig/ml) for 48 hrs and examined for 
levels o f (A) IL-17A and (B) RORyT expression by flow cytometric analysis. All data are 
representative o f at least 3 independent experiments. Cells were gated initially on live lymphocytes 
followed by side scatter against CD4 positive before CD4 against the intracellular marker o f interest
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3.3.9 sCD25 inhibits IL-2 receptor signalling but does not impact expression 

ofIL-2 or act a t the cell surface.

In order to elucidate the mechanism whereby sCD25 enhances early differentiation o f Thl7 

cells we examined the phosphorylation state of the transcription factor STATS, a downstream 

signalling mediator o f the IL-2R, which is required for IL-2s negative regulatory role in Thl7 

differentiation (154). Cells undergoing T hl7  differentiation were cultured in the presence or 

absence of sCD25 and the phosphorylation of STATS at tyrosine 694 determined after 24hrs. 

A marked reduction in STATS phosphorylation was observed in the sCD2S treated cells 

compared to Thl7 conditions alone (Fig. 3.9A). In order to determine the mechanism through 

which sCD2S mediates this inhibition we assessed the frequency o f expression of 

intracellular IL-2 upon cellular activation in the presence or absence of sCD25, however no 

observable differences in IL-2 expression were noted (Fig. 3.9B). To examine the possibility 

that sCD25 could directly bind to the cell surface thereby interfering with efficient formation 

o f the IL-2 receptor signalling complex or inhibiting IL-2 binding, we utilized a HIS-tag on 

the soluble form to discriminate between surface bound and the soluble CD25. However 

surface binding sCD2S was undetectable during the first 24 hours o f activation (Fig. 3.9C).

One of the noted roles o f IL-2 is its ability to drive the surface expression o f CD2S upon T 

cell activation by acting in an autocrine loop. Cells treated with sCD25 displayed diminished 

expression of surface CD2S after 24h compared to those cultured under T hl7  conditions 

alone (Fig. 3.9D). This observation is ftjrther indicative o f abrogated IL-2 signalling activity 

in the presence o f sCD2S. These data demonstrate the ability of sCD25 to inhibit IL-2 

receptor signalling in vitro. However this inhibitory ability is not mediated through direct
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inhibition o f  IL-2 expression or interaction w ith the cell surface and heterotrim eric IL-2 

receptor com plex.
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Fig. 3.9 sCD25 inhibits IL-2R signalling but does not impact IL-2 expression or act at the cell 
surface.
(A-D) Purified naive CD4"^T cells activated for 24 hrs under T hl7  inducing conditions in the presence 
or absence of sCD25 and examined for levels o f (A) p-Stat5 pY694, (B) intracellular lL-2 expression 
(C) surface binding o f sCD25-His and (D) surface expression of endogenous CD25 by flow 
cytometric analysis. These data are representative o f at least two independent experiments with 
similar results. Cells were gated initially on live lymphocytes followed by side scatter against CD4 
positive before CD4^ against the cell membrane or intracellular marker o f interest
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3.3.10 sCD25 inhibits IL-2 signalling by sequestering secreted IL-2

Surface bound CD25 on Tregs is known to enhance early Thl7 generation through its abihty 

to Umit the availabihty of inhibitory IL-2 to T hl7  cells undergoing differentiation (203). To 

address the possibility that sCD25 was acting in a similar manner to sequester local IL-2 in 

the microenvironment, ELISAs were performed on cell culture supernatants from Thl7 cells 

treated with sCD25. Importantly sCD25 was found to inhibit the detection o f IL-2 in a 

concentration dependant manner (Fig. 3.10A). Furthermore, a mixed ELISA method was 

devised whereby a plate was coated with anti IL-2 capture antibody followed by an anti 

sCD25 antibody as the secondary antibody to allow detection o f IL-2 and sCD25 present in a 

complex. Significant levels o f this IL-2/sCD25 complex were detectable in the supematents 

of cells treated with sCD25 demonstrating the direct interaction between the two proteins 

(Fig 3.1 OB). Together these data demonstrate that the immunomodulatory abilities of sCD25 

are mediated by its ability to sequester secreted lL-2
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Fig. 3.10 sCD25 inhibits IL-2R signalling by sequestering local IL-2
(A) Levels o f secreted IL-2 detected by ELISA 24 hours after T h l7  activation in the presence of 
decreasing doses o f sCD25 (20, 10, 5, 1 i^g/ml). (B) Levels o f IL-2/sCD25 complex in the 
supernatants o f T h l7  cells activated for 24 hours in the presence or absence o f sCD25 (20 ^g/ml). 
Data shown as mean + /- standard deviation from triplicate experiments. All data are representative o f 
at least 3 independent experiments. Statistical significance determined by unpaired student's t-test,
***p<0.001.
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3.3 Discussion

The primary non-redundant role o f IL-2 is the maintenance o f peripheral T cell tolerance. IL- 

2 activity confers these tolerogenic effects through the generation and maintenance o f Treg 

cells (197) and ability to inhibit the generation o f Thl7 cells (154). These mechanistic 

observations are fiirther underscored by correlations between mutation at the IL-2 and CD25 

gene locus and the susceptibility to a number of autoimmune diseases in humans (113). 

Recent analysis of susceptibility alleles at the CD25 gene locus have uncovered a direct 

association with elevated levels of sCD25 in patients’ serum (113, 198); however the 

functional consequences o f such observations are unknown. Previous reports have presented 

conflicting information with regard to the impact o f sCD25 on T cell responses in vitro. For 

instance, sCD25 has been described as capable of inhibiting the proliferation o f CD8^ 

cytotoxic T cell lines (199). However, importantly in the context o f our own studies sCD25 

reduced IL-2 receptor signalling whilst inhibiting activation induced cell death in primary 

human CD4^ T cells (113).

Here we report a previously unappreciated role for sCD25 in the modulation of T cell driven 

autoimmune disease in vivo. Mice treated for a short time post immunisation with the myelin 

component peptide M O G 3 5 - 5 5  express signficantly enhanced antigen specific 1L-17A during 

the peripheral priming of pathogenic T cells. These mice go on to develop an exacerbated 

disease phenotype in EAE which is associated with increased infiltration o f pathogenic Thl7 

and Thl cells into the CNS o f mice treated with sCD25. This observation is broadly in line 

with reports whereby neutralisation o f circulating IL-2 by anti-IL-2 monoclonal antibody for 

a limited period elicits spontaneous autoimmune autoimmunity in mice. Similar treatment of 

diabetes-prone nonobese diabetic mice triggers early onset o f diabetes and produces a wide
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spectrum o f T cell-mediated autoimmune diseases, including gastritis, thyroiditis, 

sialadenitis, and notably, severe neuropathy (204). The study by Setoguchi et al., study notes 

that chronic IL-2 neutralisation in this setting will reduce the numbers o f  CD25 expressing 

FoxP3 positive CD4"^ T cells, therefore it is surprising due to the established role for IL-2 in 

the maintenance o f Treg homeostasis (205) that we don not see a similar phenomenon in 

mice treated with sCD25. It is possible that sCD25 treatment impacted the suppressive ability 

o f  Treg however, more likely is that the length o f  the dosage regimen and the relatively low 

dosage o f (3 x 25 |ig  ) compared to the study by Setoguchi et al. (Im g o f  anti-IL-2 Mab) 

w asn’t sufficient to impact the number or incidence o f  Treg cells. Tregs which express higher 

levels o f  CD25 to T h l7  cells could conceivably be less sensitive to the level o f IL-2 

deprivation presented by sCD25 treatment (206). Similarly IL-2 is established as important 

for the generation o f  Thl responses (207) however we report no impact on the differentiation 

o f Thl cells at the concentrations used in this study.

It is clear that sCD25 is capable o f  enhancing the generation o f  Thl 7 responses in vitro and in 

vivo. However, despite elevated antigen specific IL-17A in the periphery cells infiltrating the 

CNS express IL-17A at a similar level on a per cell basis in sCD25 and vehicle treated mice. 

The use o f  an IL-17-eGFP reporter mouse which is capable o f  identifying cells that carry a 

legacy o f  IL-17A expression does not suggest that inter lineage plasticity is at play as an 

increase in cells co expressing both 1L-17A and IFN-y would be clearly evident by flow 

cytometric analysis. It is likely that sCD25 treatment promotes the peripheral expansion o f 

antigen specific T h l7 cells which facilitates increased early infiltration to the site o f 

inflammation, an observation which has been previously reported (208).

In vitro sCD25 enhanced the generation o f  T h l7 responses through its ability to sequester 

secreted IL-2. T h l 7 cells differentiated in the presence o f  sCD25 display enhanced STATS 

phosphorylation, a signalling mediator downstream o f the IL-6 receptor whose activity is
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indispensible for the generation of Thl7 cells (30). Furthermore these cells also display 

abrogated IL-2 receptor signalling in the presence o f sCD25. This observation when 

considered in conjunction with our STAT3 data is clearly in line with a recent report which 

describes the magnitude o f Thl7 differentiation as a subtle interplay between the levels o f 

STATS and STATS activity

Classically CD25 is thought o f as having a low affinity for IL-2, however this dogma has 

developed because o f in vitro comparisons with the binding efficiency with the heterotrimeric 

IL-2 receptor complex as a whole. Despite this perceived lower affinity, sCD25 is capable o f 

binding IL-2 efficiently and eliciting immunomodulatory effects in vitro (113, 209). This 

ability o f sCD25 to efficiently bind IL-2 and act as a decoy receptor in vitro provides the 

mechanistic basic for our in vivo observations. The use o f humanised antibodies against 

CD25, are performing with some promise in clinical trials for multiple sclerosis (210). 

However while the definitive mechanism o f action is currently unclear it is noteworthy that 

this antibody can bind sCD25 as well as block it ability to sequester IL-2. Coupled with the 

observations that elevated sCD25 levels in MS patients correlates with specific susceptibility 

alleles at the CD25 gene locus, evidence is growing for a non redundant role for sCD25 in the 

progression o f autoimmune disease. As such this study potentially provides a novel 

mechanism which could explain these observations.
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Chapter 4: TIR8/SIGIRR regulates innate IL-17A expression and 

psoriasiform inflammation through direct action on y6 T cells
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4.1 Introduction:

In the previous chapter we have demonstrated a novel role for sCD25 in the enhancement of 

Thl7 responses and autoimmunity. Following on from this work we have sought to examine 

alternative enhancers of the type 17 response and more specifically investigate the role for 

novel signalling mediators in the regulation of these pathways and autoimmunity. The 

specific focus of this chapter relates to the role of TIR8/SIGIRR in the regulation of innate 

1L-17A and dermal inflammation in murine models of psoriasis.

Psoriasis is a chronic immune driven disease of the skin manifesting itself macroscopically as 

scaly inflamed skin lesions occurring due to dysregulated keratinocyte proliferation (123). 

This thickening of the epidermal layer is also associated with a significant immune cell 

infiltrate composed of T cells, dendritic cells macrophages and neutrophils (124). Recent 

advances have identified IL-23 driven CD4^ and y5 T cells expressing IL-17A as important 

drivers of disease pathogenesis (129, 130), with a number of novel therapeutic interventions 

for the treatment of psoriasis focusing on this pathway (133, 134).

IL-23 is a myeloid derived cytokine which acts as a key growth factor inducing the 

expression of a number of type 17 cytokines including IL-17A, IL-17F and IL-22 from both 

Thl7 cells and innate y5 cells, which a number of recent studies have implicated as central 

drivers of psoriatic inflammation (36, 72, 119, 129). IL-23 shares its p40 subunit with the 

Thl instructive cytokine IL-12 and an anti-p40 monoclonal antibody (Ustekinumab) has met 

with some successes for the treatment of psoriasis in the clinic (211). Whilst the role IL-23 

plays in the development of type 17 responses and associated autoimmunity is well 

established, a number of other cytokines are also known to contribute to, and indeed 

complement, the actions of IL-23 in similar settings. One such example is IL-1, a cytokine
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which exists in two distinct forms IL-ip and IL-la. These signalHng mediators both share the 

same receptor, IL-1 receptor 1 type 1 (IL -lR l) and elicit remarkably similar effects despite 

significant differences in their expression and activity (173). It has long been surmised that 

IL-lR l signalling is dysregulated in autoimmune disorders such as psoriasis however its 

specific role has proved controversial (212, 213). Recently reports have demonstrated that IL- 

IR l signalling is indispensable for acanthosis, neutrophil recruitment and Munro’s abscess 

formation in the Aldara™ induced model of psoriasis (214). These findings coupled with its 

established role in complimenting the proinflammatory actions of IL-23 highlight the need to 

further examine the role IL-lR l signalling plays in psoriasis pathogenesis and in particular 

investigate the action o f signalling mediators which are known to regulate its effects.

One such mediator T1R8/SIG1RR, which serves as a negative regulator o f inflammation 

driven by the Toll/IL-1 receptor superfamily members (178, 215). T1R8/S1GIRR is currently 

designated as an orphan receptor for reasons attributed to its unique structure within the 

Toll/IL-1 receptor superfamily. It possesses a single extracellular Ig domain, distinct from the 

characteristic three domains of other family members such as the IL -lR l or the IL-18 

receptor and current consensus suggests the small size o f this single extracellular portion 

precludes binding of a cognate extracellular ligand. Recently TIR8/SIGIRR has been 

identified as a modulator o f autoimmune disease through its ability to inhibit the IL-lR l 

driven proliferation o f T hl7  cells (181). Little is known o f the impact TIR8/SIGIRR may 

elicit in human disease, however it is noteworthy that its expression is significantly down 

regulated in the peripheral blood o f psoriatic arthritis patients (192). This observation coupled 

with the results of murine studies implicating an important role in the regulation of IL-23/IL- 

17 signalling strongly indicates a potential role in the regulation of psoriatic inflammation.

This portion of the study utilised a transgenic mouse deficient in Tir8/Sigirr in order to 

characterise the impact o f TIR8/S1G1RR deficiency on expression of innate IL-17A y8 T cells
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driven by IL-ip and IL-23 stimulation. Furthermore, as these cells are established as 

important drivers o f disease pathogenesis in psoriasis we sought to examine the role 

TIR8/SIGIRR plays in the regulation of dermal inflammation in this setting and provide a 

potential mechanistic link to published clinical observations (192).
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4.2 Results

4.2.1 sCD25 and IL-ip enhance expression of IL-17A from T hl7 cells.

To confirm previous reports of enhanced IL-1 mediated Thl7 generation in the absence of 

SIGIRR7TIR8 (181), CD4^ T cells were differentiated to a Thl7 phenotype in the presence of 

either IL-lp or sCD25 as a positive control. IL-17A expression was examined by intracellular 

staining after 72h and a similar enhancement of T hl7  polarisation was observed between the 

two treatments (Fig. 4.1 A). Wild type (WT) or T1R8 -/- CD4^ T cells were then differentiated 

to a T hl7  phenotype in the presence of absence o f IL-ip. After 72hours, levels o f IL-17A in 

the cell culture supernatants were assessed by ELISA. IL -lp  treatment enhanced expression 

o f IL-17A, an effect which was further enhanced in cells lacking TIR8 (Fig. 4 .IB). These 

data indicate that both sCD25 and IL-1 are capable of enhancing IL-17A expression fi-om 

Thl7 cells and reflect the opposing roles of both IL -ip and IL-2 in regulating T hl7  responses 

(154, 174). These data confirm previous observations concerning the effects of IL -lp  in 

enhancing Thl7 responses and the key restraining role TIR8 plays in such settings, allowing 

us to examine these events in the context of regulation by TIR8 more closely (216).
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Fig. 4.1 sCD25 and IL -ip  enhance expression of IL-17A from T hl7 cells.
(A) CD4'" T cells were purified by magnetic bead separation kit and differentiated to a Thl7 
phenotype in the epresence o f sCD25 or IL-1 and IL-17 expression analysed by intracellular 
staining. (B) WT and Tir8/Sigirr" CD4'" T cells were differentiated to a T h l7  phenotype in 
the presence o f absence of IL-1 before performing an ELISA for IL-I7A Cells were gated 
initially on live lymphocytes followed by side scatter against CD4 positive before CD4^ 
against the intracellular marker of interest.
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4.2.2 TIR8 /■ splenoc)Ates express enhanced levels of Type 17 cj^okines in 

response to IL-ip and IL-23

TIR8 has been identified as a negative regulator o f IL-lp mediated Thl7 cell development 

and proliferation (216). Whilst its role in the development o f Thl7 cells and impact on 

associated IL-17A expression and autoimmune pathology has been established, its role in the 

modulation of innate IL-17A from T cell subsets has yet to be clarified. Initial experiments 

focused on examining the role o f T1R8 in the modulation o f IL -lR l signalling events in 

promoting innate type 17 responses.

Wild type and TIRS’'̂ ' splenocytes were cultured in the presence of IL-23 and increasing 

concentrations of IL -lp and after 72h levels of IL-17A in the cell culture supernatants were 

assessed by ELISA. IL-23 alone was not sufficient to induce detectable levels o f IL-17A 

however addition of IL-ip drove IL-17A expression in a concentration dependant manner 

with significantly enhanced levels observed from TIR8 “  cells compared to WT cells (Fig. 

4.2A). As no exogenous antigen receptor stimulation was provided under these stimulatory 

conditions, these data demonstrate that innate IL-17A expression mediated by IL -lR l is 

regulated by TIR8 activity. Moreover a number of other cytokines classically associated with 

type 17 responses were also enhanced including IL-22 (Fig. 4.2B), GM-CSF (Fig. 4.2F) and 

the IL-17A/F heterodimer (Fig. 4.2C). There were no significant differences in the expression 

of IFN-y (Fig. 4.2D). Interestingly however, no differences were detected in IL-I7F levels, 

suggesting possible differential regulation between expression o f IL-17A and IL-17F in this 

setting.
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Fig. 4.2 TIR8-/- splenocytes express enhanced levels of Type 17 cytokines in response to IL -ip  
and IL-23
WT and Tir8/Sigirf'' splenocytes were innately stimulated with lL-23 (10 ng/ml) and increasing 
concentrations o f IL -lp for 96hrs. Cell culture supernatants were analysed by ELISA for levels of 
(A) 1L-17A, (B) IL-22, (C) IL-17A/F (D) IFN-v, (E) IL-17F, (G) GM-CSF. These data are 
representative o f at least two independent experiments with similar results Statistical significance 
determined by unpaired student’s t-test *p<0.05, **p<0.01, ***p<0.001.
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4.2.3. IL-ip and IL-23 driven expression of IL-17A from splenocytes is 

mTOR dependant. Functional blockade in vivo of y5 T cells reduces IL-17A 

expression from splenoc 5̂ es.

It has previously been demonstrated that y5 T cells represent a significant source o f innate 

type 17 cytokine responses (66). To determine whether TIR8 regulated innate y5 responses in 

our system WT mice were injected intraperitoneally with an appropriate isotype control or an 

anti yS-TCR antibody which is capable of functional blockade or depletion o f these cells in 

vivo. Splenocytes from these mice were subsequently cultured with IL-ip and IL-23 as 

described above before analysis of cell culture supernatants by ELISA. A marked decrease in 

IL-I7A expression was observed from mice treated with 250|ag of anti y8 TCR antibody 

compared to the isotype control (Fig. 4.3A). This observation implicates y8 T cells as the 

likely source of the majority o f 1L-17A in these assays.

TIR8/SIGIRR is established as a negative regulator IL-IR signalling on Thl7 cells, this 

dysregulation leads to enhanced proliferation and expression o f IL-I7A in an mTOR 

dependant mechanism (181). To examine the potential for similar dysregulation in our in 

vitro splenocyte assays we treated cells from WT and TIR8-/- mice with specific inhibitors of 

two known IL-1 dependant signalling pathways, JNK and mTOR, before culturing in the 

presence o f IL-lp and IL-23 in a similar manner to that described above. While inhibition of 

IL-17A expression was observed in the presence of the JNK inhibitor SP600125, the impact 

of T1R8/SIGIRR deficiency was abolished in the presence o f the mTOR inhibitor 

temsirolimus confirming the role o f TIR8/S1GIRR in the modulation of mTOR mediated IL- 

IR signalling in yS T cells (Fig. 4.3B).
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Fig. 4.3 Functional blockade in vivo of y6 T cells reduces IL-17A expression from 
spleoncytes.
IL 'ip  and IL-23 driven expression of IL-17A from splenocytes is mTOR dependant.
Functional blockade o f y5 TCR by in vivo treatment was performed with indicated doses o f 
anti y5 TCR antibody 48 hours prior to innate in vitro stimulation with IL-ip and IL-23. 
After 72hrs cell culture supernatants were analysed for levels o f IL-17A by ELISA (B). WT 
and Tir8/Sigirr splenocytes were pre-treated for 2 hours with the indicated doses of 
SP600125 or Temsirolimus before washing and innate stimulation with IL-23 (10 ng/ml) and 
IL-ip (lOng/ml) for 72hrs Cell culture supernatants were subsequently analysed for levels o f 
IL-17A (A). These data are representative o f at least two independent experiments with 
similar results Statistical significance determined by unpaired student’s t-test *p<0.05,
**p<0.01, ***p<0.001.
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4.2.4 FACS purified y& T cells express enhanced IL-17A and IL-22 in 

response to IL-ip and IL-23 stimulation but not TGF-P and IL-6

y6 T cells have been previously shown to express IL-17A directly in response to IL-lp and 

lL-23 stimulation (66). Similar to the splenocyte experiments previously described, purified 

y6 T cells from tirS/sigirr - mice express enhanced IL-17A when stimulated with IL -ip and 

lL-23 (Fig.4 A&B). Furthermore TIR8/SIG1RR also regulates the expression o f IL-22 

(Fig.4.4 C) and GM-CSF (Fig.4.4 D) in response to IL-lp and IL-23 stimulation

Conversely, other cytokines known to induce type 17 responses in CD4^ T cells were not 

capable o f inducing IL-17A expression from purified yh T cells (Fig. 4.5A), even in the 

presence o f TLR stimulated antigen presenting cells or by direct stimulation with the TLR7 

agonist imiquimod (Fig. 4.5B). These data confirm the dependency o f innate IL-17A from y5 

T cells on IL -lp and IL-23 and further highlights the ability o f TIRS/SIGIRR to regulate this 

signalling axis.

95



A.

WT

A

lO ng/m l IL-23
In g /m l IL-ip 5 n g /m l IL-lp lOng/^ml IL-1J3

?

12.3 V ' 10.3 18.2

<

................................... . .

«P w  •

TIR8-/. ?

IL-17A GM-CSF

WT 
a  T1R8

CU TIR8 /

1000

Fig. 4.4 TIR 8/SIG IR R  ' ' '  yS T cells express enhanced type 17 cytokines in response to IL -ip  and 
IL-23
(A) FACS purified WT and TirS/Sigirf'' y6 T cells were innately stimulated with IL-23 (10 ng/ml) 
and increasing concentrations o f  IL -ip for 96hrs before analysis o f IL-I7A expression by intracellular 
staining. Cell culture supernatants were also analysed for expression o f (B) IL-17A and (C) IL-22 and 
(D) GM-CSF after 96 hours Cells were gated initially on live lymphocytes before forward scatter 
against IL-17A. Statistical significance determined by unpaired student’s t-test *p<0.05, **p<0.01,
***p<0.001
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Fig. 4.5 y6 T cells do not express IL-17A in response to TGF-3 and IL-6
Auto-MACS purified y5 T cells were cultured (A) in the absence or (B) presence o f TLR activated 
APCs along with the indicated combinations of cytokines for 72 hours before analysis o f the cell 
culture supernatants for IL-17A. These data are representative o f a single experiment Statistical 
significance determined by unpaired student’s t-test *p<0.05, **p<0.01, ***p<0.001
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4.2.5 TIR8-/- mice display enhanced disease in the Aldara""" induced model 

of psoriasiform inflammation.

Innate y5 T cells which express IL-17A in response to IL -lR l stimulation are thought to play 

a key pathological role in a variety o f autoimmune disorders with recent emerging evidence 

suggesting a critical role in the progression o f psoriasis (66, 72). Interestingly it has been 

observed that TIR8/SIGIRR expression is significantly downregulated in the peripheral blood 

of psoriatic patients. However despite these observations the role o f TIR8/SIGIRR in the 

regulation y5 T cell driven pathology, and more specifically its role in the regulation of 

dermal inflammation in psoriasis, have yet to be addressed (192). To answer these questions 

we utilised a murine model of psoriasiform inflammation where y5 T cells are known to play 

a key role in disease progression.

Aldara™ cream applied to the ears o f wild type control (WT) and Tir8/Sigirr ''' mice over a 

period o f 5-7 days results in an exacerbated inflammatory phenotype in Tir8/Sigirr mice. 

Analysis o f H&E stained sections of treated ears reveals enhanced acantosis, desquamation 

(scaling and outer layer shedding) and dermal infiltration of nucleated cells in Tir8/Sigirf ' 

mice (Fig.4.6A). This enhanced disease phenotype is also clearly visible macroscopically 

with enhanced desquamation and erythema on the ears o f TirS/Sigirf'' mice (Fig.4.6B). 

Furthermore, measurement o f the overall thickness o f treated ears revealed significantly 

enhanced epidermal thickening in TirS/Sigirr-/- mice (Fig. 4.6C). The enhanced disease 

phenotype is also visible histologically. (Fig.4.7A) and macroscopically (Fig.4.7B) on 

TirS/Sigir/' mice when Aldara ™ is applied to the shaved back area.
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Fig. 4.6 TIR8/SIGIRR'' mice display enhanced disease in the Aldara^'^ induced model of 
psoriasiform inflammation.
(A) H&E stained sections from ears o f WT and Tir8/Sigirr-I- mice treated with Aldara’’’'̂  (1 mg/day) 
or control cream for 5 days (Scale bar, 50|im). (B) Representative macroscopic photographs o f ears 
from WT and Tir8/Sigirr'' mice treated with Aldara^'^. (C) Increased epidermal thickening in 
TirS/Sigirr-/- mice treated with Aldara^''^. . These data are representative o f at least five independent 
experiments with similar results Statistical significance determined by unpaired student’s t-test, 
*p<0.05 **p<0.01, ***p<0.001.
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Fig 4.7 TIR8/SIGIRR ‘ mice display enhanced disease in the Aldara^''* induced model 
of psoriasiform inflammation when applied to the back
(A) H&E stained sections from bacic skin o f WT and TirS/Sigirr'' mice treated with 
Aldara™ or control cream for 5 days (Scale bar, 50|im). (B) Representative macroscopic 
photographs o f WT and Tir8/Sigirf'' mice treated with Aldara'*'’̂ ). These data are 
representative of at least two independent experiments with similar results
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4.2.6 TIR8/SIGIRR expression is relatively high on yS T cells compared with 

other immune cells.

TIR8/SIGIRR expression has been identified on CD4^ T cells (181, 182) however expression 

levels on innate y8 T cells, cells which have been demonstrated as playing a key role in the 

progression o f inflammation in this setting, has yet to be determined. We examined CD3+, 

CD4^, CD3^ y5- and y5 T cells along with murine skin expression o f TirS/Sigirr by real time 

PCR analysis. Strikingly basal expression o f  the gene was found to be highest in y8 T cells 

compared to other cells and tissues examined (Fig. 4.8A).

Application o f Aldara^'^ is thought, in part, to drive psoriasiform inflammation through 

induction o f  lL-23 and IL-1(3 from dendritic cells and keratinocytes (142, 214). Furthermore 

IL-1 and IL-23 are known to act synergistically to drive expression o f  IL-17A from yS T cells 

and y8 T cells expressing large amounts o f IL-17A are established as key drivers o f 

inflammation in settings o f ALDARA^''^ induced psoriasiform inflammation. In order to 

investigate the possibility that an enhancement o f  either, or both, o f  these cytokines in the 

Tir8/Sigirr'' mouse was accounting for the disease phenotype observed, skin biopsies from 

treated mice were homogenised and analysed for protein expression levels o f  both IL -lp  

(Fig.4.8B) and IL-23 (Fig. 4.8C). Aldara™  treatment clearly increased levels o f  both IL -ip  

and IL-23 over time, however no significant differences were observed in the levels o f 

expression o f IL -ip  or IL-23 between WT and TirS/Sigirr" mice. Interestingly we also 

observed significantly enhanced expression o f GM -CSF at this timepoint in the Aldara^"^ 

treated skin o f TirS/Sigirr “ mice. (Fig.4.8D). Together these data indicate that TIRS/SIGIRR 

plays a role in the regulation o f Aldara^''^ induced psoriasiform inflammation in mice, 

however due to lack o f difference observed between IL-13 and IL-23 protein levels this
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activity  is likely not m ediated  through dysregulated  m yeloid or strom al cell activity. 

Im portantly, elevated G M -C SF w as observed in Tir8/Sigirr '''' m ice w hich is suggestive o f  

hem atopoetic cell involvem ent.
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Fig. 4.8 TIR8/SIG1RR expression is relatively high on y8 T cells compared with other immune 
cells. Unaltered protein expression of IL-lp and IL-23 between WT and TIRS/SIGIRR’’ in skin 
lysates
(A) Real time PCR analysis for basal expression o f TirSISigir in the indicated cells and tissues. CD3" ,̂ 
CD4"  ̂and v6 T cells were purified by magnetic bead separation. Skin sections were isolated from the 
shaved backs o f naive WT and Tir8/Sigirr'' before isolation o f RNA for analysis. WT and 
Tir8/Sigirr'' - mice were treated for either 24hrs or 48hrs by topical application o f Aldara^"^ cream. 
ELlSAs for (B) IL-ip , (C) lL-23 and (D) GM-CSF were performed on tissue lysates from ears from 
WT and Tir8/Sigirr'' mice treated with Aldara^'^ for the indicated times, significance determined by 
unpaired student’s t-test, *p<0.05 **p<0.01, ***p<0.001
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4.2.7 Elevated IL-17A transcripts in skin biopsies of TIR8-/- mice treated 

with Aldara.

Skin biopsies from WT and TIR8" mice treated with Aldara for 5 days were subjected to real 

time PCR analysis for IL-17A (Fig. 4.9A), IL-lp (Fig. 4.9B), lL-22 (Fig 4.9C) and IL-23 (Fig 

4.9D). No differences were observed in the detectable levels o f IL-ip or IL-23. Although IL- 

22 was also unchanged IL-17A was significantly elevated from the skin of Tir8/Sigirr-/- 

mice. These data further indicate dysregulated hematopeoietic cell involvement rather than a 

defect in myeloid or stromal cells in the enhanced disease observed in this setting.

4.2.8 Elevated IL-17A from yS T cells in the skin draining lymph nodes of 

ALDARA™ treated mice.

y5 T cells expressing IL-17A and IL-22 have been implicated as important drivers o f disease 

pathogenesis in the Aldara^*^ induced model as well as human psoriasis. (36, 72, 119, 129). 

To assess any impact of Tir8/Sigirr deficiency on the expression o f these cytokines from T 

cell populatoins in this disease model skin draining lymph nodes o f ALDARA’*''̂  treated mice 

were isolated and stained for IL-17A and IL-22. Significantly enhanced levels o f IL-17A, but 

not IL-22, expression was observed from TirS/Sigirf'' j8  T cells compared to WT cells. (Fig. 

4.10A&B). y5 T cells, rather than Thl7 cells, appear to be the primary source o f IL-17A in 

this setting as limited expression o f IL-17A and IL-22 from CD4^ T cells was observed (Fig. 

4.10C&D). These data demonstrate that in the absence of TIR8/SIGIRR there is increased
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Aldara™  induced psoriasiform  derm al inflam m ation that occurs in association w ith increased 

IL-17A  expression by y5 T cells.
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Fig 4.9 Elevated IL-17A transcripts in the skin of TIR8/SIGIRR' ' mice
Biopsies of skin treated with Aldara™ for 5 days were subjected to real time PCR analysis for (A) IL- 
17A (B) IL-ip (C) IL-22 (D) IL-23 Statistical significance determined by unpaired student’s t-test, 
These data are representative o f at least two independent experiments with similar results 
♦p<0.05.
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4.10 Elevated IL-17A from y6 T cells in the skin draining lymph nodes of ALDARA^''* treated 
mice.
Cells from skin draining lymph nodes o f  WT and Tir8/Sigirr'' mice were exam ined by flow 
cytometry for intracellular IL-17A and IL-22 expression from (A& B) y5 T cells and (C&D) CD4^ T 
cells. These data are representative o f  at least three independent experim ents with similar results. 
Cells w ere gated initially on live lymphocytes followed by CDS against y6 TCR or side scatter against 
CD4. v5 TCR or CD4 positive cells were then gated agains the intracellular m arkers o f  interest. 
Statistical significance determ ined by unpaired student’s t-test***p<0.001.
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4.2.9 Intradermal IL-23 injection results in significantly enhanced dermal 

inflammation in Tir8/Sigirr A mice.

Intradermal injection o f IL-23 is another widely used model o f psoriasiform inflammation 

which is robustly comparable to the Aldara^^ model in terms of the key cellular mechanisms 

involved such as the induction of an IL-lRl-dependant type-17 response through direct 

stimulation of T cell subsets (72, 148). As TIR8/SIGIRR has been characterised as a negative 

regulator o f TLR7 signalling (217, 218), it is possible that the enhanced dermal inflammatory 

phenotype observed in Tir8/Sigirr'^' mice in the Aldara^’’'̂  model described above is dependent 

on this activity. To address this possibility WT and Tir8/Sigirr‘̂ ' mice were injected 

intradennally with recombinant IL-23 or vehicle control daily for up to 7 days. Consistent 

with previous reports IL-23 injection induced epidermal thickening in WT mice (148, 219). 

Similar to the Aldara™ model, Tir8/Sigirf'' mice display significantly enhanced epidermal 

thickening compared to WT controls in this model (Fig. 4.11 A). In order to determine the 

composition o f dermal infiltrating cells and assess any differences in populations between 

WT and TirS/Sigirr'' mice, CD45^ cells purified from skin tissue were analysed by flow 

cytometry. The total numbers o f skin infiltrating cells were significantly increased in the 

absence o f TIRS/SIGIRR activity (Fig. 4.1 IB) with the most significant increase observed in 

the Vy4 subset o f y5 T cells, which have previously been implicated as important mediators 

o f dermal inflammation in this model (72) (Fig. 4.11C). Importantly, as well as increased 

numbers, expression levels o f IL-17A on a per cell basis were also significantly enhanced 

among Tir8/Sigirf'' Vy4 cells, with these cells accounting for the vast majority o f IL-17A 

expressing cells in this setting (Fig. 12A&D). Although increased numbers o f CD4”̂ T cells 

were also observed in inflamed skin and their expression o f IL-17A was elevated, their 

overall contribution to IL-17A levels was limited when compared to that observed from
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innate subsets (Fig. 4.12B&D). Finally, expression o f IL-17A by Vy4-ve y5 T cell subsets 

and a small population of CD45^ non-T cells was also significantly enhanced in TirS/Sigir/' 

mice (Fig. 4.12C&D). These data demonstrate that intradermal administration o f IL-23 also 

leads to enhanced psoriasiform inflammation in Tir8/Sigirf ' mice and this occurs in 

association with increased skin infiltration of Vy4 y6 T cells expressing elevated levels of IL- 

17A .
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Fig. 4.11 Intradermal IL-23 injection results in significantly enhanced dermal inflammation in 
Tir8/Sigirr  ̂ mice.
(A) Intradermal injection o f IL-23 (200ng) or vehicle control into the ears o f WT and Tir8/Sigirr'' 
mice resulted in enhanced epidermal thickening in Tir8/Sigirr'' mice. Increased numbers o f (B) total 
and (C) specific immune cell subsets infiltrating the skin o f TirS/Sigirr'' mice after rIL-23 treatment 
for 7 days. Cells were gated initially on live lymphocytes followed by CDS against v6 TCR or side 
scatter against CD4. y6 TCR or CD4 positive cells were then gated agains the intracellular markers of 
interest These data are representative o f at least two independent experiments with similar results. 
Statistical significance determined by unpaired student’s t-test, *p<0.05 **p<0.01, ***p<0.001.
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Fig. 4.12 Enhanced 1L-17A expression from infiltrating immune cell after IL-23 intradermal 
injection.
Skin infiltrating immune cell subsets were analysed by flow cytom etry for intracellular 1L-17A 
expression by (D) Vy4 cells (E) 004"" T  cells and (F) CD3- €045"^ cells (G) IL-17A positive cell 
num bers o f  skin infiltrating cell subsets from IL-23 treated WT and TirS/Sigirf'' mice. ™ ). . Cells 
were gated initially on live lym phocytes followed by CDS against TCR or side scatter against 
CD4'^. v5 TCR or CD4 positive cells were then gated agains the intracellular markers o f  interest 
These data are representative o f  at least two independent experim ents with sim ilar results Statistical 
significance determined by unpaired student’s t-test. **p<0.01, ***p<0.001.
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4.2.10 IL-lp and IL-23 induce enhanced innate IL-17A and IL-22 expression 

from Tir8/Sigirr / yS T cell subsets in vivo.

In support of the role IL-23 plays in the progression o f IL-17A-driven dermal inflammation, 

we were interested to assess the potential role TIR8/SIGIRR plays in regulating IL-1 and IL- 

23 signalling in the context of innate IL-17A expression by y6 T cell subsets. To address 

these questions we utilised an in vivo innate stimulation system whereby WT and Tir8/Sigirr 

mice were injected in the hind footpad with a combination o f IL -ip and IL-23 

(lOOng/mouse o f each) as described previously (7). After 4 hours, popliteal lymph node cells 

were harvested from treated mice and untreated controls and cultured in the presence of 

Brefeldin A, without further ex vivo stimulation, before analysis by flow cytometry. No 

significant expression o f IL-17A was detected in the untreated controls compared to isotype 

(Fig. 4.13A), however significantly elevated expression o f IL-17A was observed from 

TirS/Sigirr'' y6 T cells from mice treated with IL-lp and IL-23 (Fig. 4.13B&13E). IL-22 was 

also elevated (Fig. 4.13C&I3E) but there were no differences in IL-17F expression, which 

was detected at relatively low levels (Fig. 4.12&12E). The Vy4 subset once again was the 

predominant subset expressing elevated IL-17A, but it is noteworthy that another population 

o f Vy4 negative y6 T cells also expressed increased levels of IL-I7A (Fig. 4.14A). As 

TIRS/SIGIRR has previously been reported to suppress Thl7 proliferation driven by IL -lp  

we assessed the possibility that the enhanced IL-17A observed in this assay system was as a 

consequence o f dysregulated expansion of TirS/Sigirr^' cells (181). However, no detectable 

differences in y5 T cell BrdU incorporation over normal homeostatic levels were observed 

(Fig. 4.148 and Fig. 4.14C). This observation indicates a direct effect o f TIRS/SIGIRR 

activity in regulating innate IL-17A expression without altering cell expansion in vivo.
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Fig. 4.13 IL-ip and IL-23 induce enhanced innate IL-17A and IL-22 expression from Tir8/Sigirr 
yb T cell subsets in vivo.

WT and Tir8/Sigirr ' mice injected in the hind footpad with a com bination o f  IL -ip  (lOOng) and IL- 
23 (lOOng). A fter 4 hours popliteal lymphnodes were harvested from treated mice and untreated 
controls. y5 T  cells were subsequently analysed by flow cytometry for intracellular expression o f  the 
following cytokines. (A) IL-17A from untreated mice, (B) IL-17A from treated mice (C) IL-22 from 
treated mice and (D) 1L-17F from treated mice. (E) Expression o f  cytokines by yS T cells from 
untreated and treated mice. Each dot indicates one mouse.. These data are representative o f  at least 
tw o independent experim ents with similar results. . Cells were gated initially on live lymphocytes 
followed by CDS against yS TCR. \6  TCR positive cells were then gated agains the intracellular 
m arkers o f  interest Statistical significance determ ined by unpaired student’s t-test **p<0.01,
***p<0.001.
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Fig. 4.14 TIR8/SIGIRR directly regulates expression of IL-17A from Vy4 \S  T cells in vivo
(A) Expression o f innate IL-17A by the Vy4 subset o f y5 T ceils from WT and TirS/Sigirr"' mice 
treated with IL-ip and IL-23 in the footpad. (B) Analysis o f  BrdU incorporation by the Vy4 subset 
after in vivo stimulation with IL-1|3 and IL-23. (C) Each dot represents a single mouse from (B).. 
Statistical significance assessed by unpaired student’s t-test. Cells were gated initially on live 
lymphocytes followed by CDS against y6 TCR . y5 TCR positive cells were then gated agains the 
intracellular markers o f interest significance determined by unpaired student’s t-test, *p<0.05
**p<0.01, ***p<0.001
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4.2.11 TLR ligands induce enhanced innate IL-17A and IL-22 expression 

from Tir8/Sigirr /- y8  T cell subsets in vivo.

Recently the ability o f  y5 T cells to express IL-17A in response to pathogen derived 

environmental signals has been demonstrated, this IL-17A expression is also further 

enhanced with lL-23 stimulation (67). To address the possibility that TIR8/SIGIRR is also 

capable o f  regulating these signalling activities on yS T cells WT and Tir8/Sigirr" m \c t  were 

treated by footpad injection with the TLR ligands LPS (TLR4) and CPG-ODN (TLR9) in an 

identical manner to that described above. In vivo administration o f both LPS (Fig. 4.15B&D) 

and CPG (Fig. 4.15C&D) elicited greatly enhanced expression o f IL-17A from Tir8/Sigirf'' 

y5 T cells when compared to WT (Fig 4.15). The observed IL-17A expression after such a 

short period o f time from Tir8/Sigirr ' mice presents the intriguing possibility that 

TIR8/SIG1RR acts as a direct inhibitor o f  TLR induced IL-17A expression from y8 T cells.
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4.2.15 TLR ligands induce enhanced innate IL-17A and IL-22 expression from Tir8/Sigirr ''' y6 
T cell subsets in vivo.
WT lL-17AeGFP and Tir8/Sigirf'' eGFP mice were injected in the hind footpad with either a 
combination of (A) IL-ip (lOOng) and IL-23 (lOOng), (B) LPS (500ng) or (C) CpG-ODN (5^g). 
After 4 hours popHteal lymph nodes were harvested and y5 T cells were analysed by flow cytometry 
for expression o f 1L-17A.. Cells were gated initially on live lymphocytes followed by CDS against yS 
TCR . v6 TCR positive cells were then gated agains the intracellular markers o f interest Statistical 
significance determined by unpaired student’s t-test, **p<0.01.
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4.2.12 Enhanced severity of psoriasiform inflammation in Tir8/Sigirr/- 

mice is dependent on IL-17A.

As we have identified a novel mechanism through which T1R8/SIGIRR regulates innate IL- 

17A expression we next sought to determine whether the observed exacerbation of 

psoriasiform dermatitis in Tir8/Sigirr'' m\CQ was mediated by increased IL-17A expression. 

To achieve this, we utilised an IL-17A neutralisation antibody in the Aldara^*^ disease model 

whereby mice were treated with anti 1L-I7A or isotype control (250|ig/mouse) on day 0 and 

day 2. Similar to our earlier observations TirS/Sigirr" mice treated with isotype control 

antibody displayed enhanced disease characterised by enhanced acantosis, desquamation and 

infiltration o f nucleated cells into the dermal layers when compared to isotype control 

antibody treated WT mice. Strikingly, treatment o f Tir8/Sigirf'' mice with an anti-IL-17A 

neutralising antibody reduced disease severity to levels comparable with those observed WT 

mice (Fig. 4.16A&B). This reduction in disease severity was evident from histological 

scoring performed on H&E stained tissue sections from diseased skin and also through 

analysis of epidermal skin thickening in treated mice (Fig. 4.16C&D). Taken together, these 

data confirm that the enhanced dermal inflammation observed in TirS/Sigirr deficient mice is 

mediated by dysregulated expression of IL-17A.
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Fig 4.16 Enhanced severity of psoriasiform inflammation in Tir8/Sigirr  ̂ mice is dependent on 
IL-17A.

Mice were injected intraperitonealiy with an anti IL-17A neutralisation antibody or isotype control 
(250^g/mouse) on day 0 and day 2 o f the experiment. (A) H&E stained sections from ears o f  WT and 
TirS/Sigirf'' mice treated with Aldara™ (1 mg/day) or control cream for 5 days. (Scale bar, 50^m). 
(B) Representative macroscopic photographs o f ears from WT and Tir8/Sigirf'' mice treated with 
Aldara'*''^. (C) Increased epidermal thickening in Tir8/Sigirr'' mice treated with Aldara^*^.. These data 
are representative o f at least three independent experiments with similar results Statistical significance 
determined by unpaired student’s t-test, *p<0.05, **p<0.01, ***p<0.001.
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4.3 Discussion

Psoriasis is a common autoimmune disease o f the skin which continues to pose a significant 

socioeconomic burden. Despite major advances in our understanding o f  the specific 

mechanisms which contribute towards disease pathogenesis significant questions remain to 

be answered (123). In recent times it has become evident that innate cell subsets provide a 

major source o f 1L-17A expression in settings o f autoimmunity and host defence, particularly 

during the early stages o f the response (220). A number o f  studies in murine models o f 

psoriasiform inflammation have defined a role for innate cells governed by the IL-23/IL-17 

signalling axis as central mediators o f  disease (54, 72, 147, 148). However, specific pathways 

which regulate the responses o f these innate subsets remain to be identified. This study 

uncovers a novel role for the receptor TIR8/S1GIRR as a regulator o f  innate IL-17A driven 

dermal inflammation in psoriasis, which further underscores its importance as signalling 

m ediator with therapeutic potential for interventions focusing on IL -lR l and its interplay 

with the IL-23/IL-17 signalling axis.

The role o f  IL -lR l signalling has received renewed focus in the context o f  psoriasiform 

inflammation as a consequence o f  observations implicating the IL-23/IL-17 axis as a central 

mediator o f  disease (214) . Interestingly mice deficient in IL -lR l antagonist, an endogenous 

suppressor o f IL -lR l signalling, develop spontaneous autoimmune inflammation in the skin 

(221). This phenotype is strikingly similar to common manifestations o f  human psoriasis, 

with m arked acantosis, hyperkeratosis and a nucleated cell infiltrate. Furthermore, these mice 

also display severe aortic inflammation; a serious cardiovascular complication observed in 

some chronic psoriasis suffers (222). These observations highlight the importance o f  

examining IL -lR l mediated inflammation in psoriasis and further highlight the potential

117



importance of TIR8/SIGIRR as a critical signalling mediator in this context. TIR8/SIGIRR 

has been described as a negative regulator of inflammation in settings of fungal infection and 

murine autoimmunity (155, 181). However, these studies have not addressed the role of 

TIR8/SIGIRR in the regulation of innate IL-17A and how this may impact the progression of 

autoimmune pathology. We have demonstrated that TirS/Sigirr^' mice develop enhanced 

inflammation, displaying a number of the histological characteristics of human psoriasis upon 

topical application of Aldara™ containing the TLR7 agonist imiquimod. Tir8/Sigirf'' mice 

display enhanced acantosis, desquamation, infiltration of nucleated cells and also ear 

thickening compared to WT mice. This model has been described as IL-23 and IL-1 

dependant, with innate yh T cells, expressing IL-17A, established as critical mediators of 

disease pathogenesis. Protein expression levels of IL-ip and IL-23 in the skin whilst 

upregulated in response to Aldara^^^ treatment were unaltered between WT and Tir8/Sigirf'' 

mice. This lack of difference in protein expression levels is suggestive of a less prominent 

role for dysregulated stromal cell or myeloid cell involvement in the progression of dermal 

inflammation in the absence of TIR8/SIGIRR. Furthermore the overall higher expression of 

TIR8/SIGIRR on 76 T cells compared to CD4"" T cells and skin underscores the importance 

TIR8/SIGIRR plays in the regulation of inflammation driven by these cells in such settings of 

dermal inflammation.

Examination of the skin draining lymph nodes revealed significantly enhanced expression of 

IL-I7A by y5 T cells from Tir8/Sigirr'' m \C Q .  IL-22, another type 17 cytokine important for 

driving inflammation in the Aldara^"^ model (223), was unaltered between WT and 

TirS/Sigirf^' mice. Both IL-17A and IL-22 expression were virtually undetectable from CD4^ 

T cells, which is in line with previous reports implicating y5 T cells as the primary source of 

IL-I7A in this setting (54). The low expression of IL-22 in both WT and TirS/Sigirf'' mice is 

somewhat surprising in particular as it is clear from our in vivo and in vitro stimulation
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experiments that T1R8/SIGIRR activity can also inhibit IL -lR l driven IL-22 expression. 

However, the levels o f IL-22 detected in vitro are in the order of 5-10 fold less than the levels 

of IL-17A detected which may explain our failure to detect any such difference in the 

Aldara™ model. It is also noteworthy that non-T cells have previously been implicated as 

important sources o f IL-22 in this model (54, 223). Imiquimod stimulation o f TLR7 on 

myeloid cells is thought to drive IL-23 expression in the Aldara™ induced model of 

psoriasiform inflammation (72, 142). TIR8/SIGIRR has also been described as a negative 

regulator o f TLR7 signalling (217, 218) and as such, the observed enhancement of 

inflammation in Tir8/Sigirf'~ mice, could be as a consequence of this activity. Therefore, we 

also used an established model o f intradermal injection o f IL-23 to assess the impact of 

T1R8/S1GIRR activity on dermal inflammation. In this model, TirS/Sigirf'' mice also 

displayed an enhanced disease phenotype compared to their WT counterparts confirming that 

T1R8/S1GIRR activity more broadly regulates dermal inflammation independently o f its role 

as an inhibitor o f TLR7 signalling. The IL-23 model is also primarily dependent on the direct 

stimulation of proinflammatory T cell subsets strongly indicating that TIR8/SIG1RR activity 

plays a prominent regulatory role on these cells in the context of psoriasiform inflammation. 

In line with previous reports, we observed the Vy4 subset o f yS T cells as the primary source 

o f innate IL-17A expression. Notably, these cells are also present in the inflamed skin in 

significantly elevated numbers. T1R8/SIGIRR has previously been described as a negative 

regulator of IL-1 driven proliferation of Thl7 cells which could account for this observed 

expansion o f infiltrating cells (181) . These elevated cell numbers could also be as a 

consequence of a feed forward mechanism in what are remarkably inflamed tissues which is 

facilitative of further uncontrolled infiltration o f proinflammatory cells. Interestingly, we 

have also demonstrated that TIR8/SIGIRR can directly negatively regulate innate IL-1 driven 

1L-17A expression in vivo without altering expansion. As well as y6 T cells we have also
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identified 004"^ T cells and a population of CD45^ CD3‘ non-T cells as sources of elevated 

IL-17A in the inflamed skin of Tir8/Sigirr'' mice. These cells have also been identified in a 

number o f similar studies as sources of IL-17A in this setting (54). However their relative 

contribution towards disease progression, especially given their low numbers, warrants 

fiirther investigation. These data confirm dysregulated activity in dermal infiltrating 

haematopoietic cells in the absence of TIR8/SIGIRR activity and identify a novel role for 

TIR8/SIGIRR as a suppressive signalling mediator o f the innate arm o f the IL-23/IL-17 

pathway. We have also demonstrated enhanced expression of IL-17A, IL-22 and IL-17A/F 

but not 1L-17F from Tir8/Sigirr'' splenocytes in vitro and in vivo in an IL-1 dependant 

manner. This enhanced expression appears to be dependent on dysregulated mTOR activity, 

an observation in line with a previous report describing the role TIR8/SIGIRR plays in the 

regulation o f mTOR mediated IL-1 receptor activity (181). Despite the unaltered expression 

o f IL-23 and IL-lp in the inflamed skin o f WT and TirS/Sigirr'' mice, the enhanced 

sensitivity o f the Tir8/Sigirr'' cells to IL -lR l stimulation coupled with the established role 

aberrant IL-lR l signalling plays in the progression o f dermal inflammation provides a 

potential mechanistic explanation for the enhanced disease observed in these mice.

IL-17A expression is established as a key cytokine driving inflammation in humans and 

murine models o f psoriasis (129). TirS/Sigirr'' mice display an enhanced psoriatic disease 

phenotype associated with enhanced IL-17A expression from y5 T cells in both the skin 

draining lymph nodes and tissue infiltrating immune cells. Treatment of TirS/Sigirf'' mice 

with an IL-17A neutralisation antibody reverses the enhanced disease to levels observed in 

WT mice. These observations in TirS/Sigirf'' mice are broadly in line with observations in 

the clinic where neutralisation o f elevated IL-17A in human patients results in amelioration 

o f disease symptoms (134). Interestingly in this study, WT mice treated with anti-ILI7A 

displayed a mild but not significant reduction in disease severity after histological
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examination (Fig. 4.15D). This lack o f efficacy in W T mice is potentially explained by 

compensatory mechanisms associated with other proinflammatory IL-17 family members 

such as IL-17C, which is significantly upregulated in psoriatic plaques and utilises IL-17A 

receptor for its signalling activities (224). Also pathways independent o f IL-17A and IL-17 

receptor A have recently been identified as playing an important role in the progression o f 

Aldara^'”̂  induced disease in WT mice (225). As anti-IL-17A is demonstrating considerable 

promise in clinical trials among psoriasis patients, and decreased TIR8/SIGIRR 

expression/activity has previously been reported in PBMCs o f psoriatic patients, these data 

identify an important mechanism which may have direct relevance in human disease. These 

observations also highlight the requirement for greater understanding o f  the molecular and 

cellular mechanisms at play in such settings.

Taken together, this study has for the first time identified TIR8/SIG1RR as a central regulator 

o f innate type 17 responses with particular significance in the context o f psoriasiform 

inflammation where its role as a critical mediator o f  IL -lR l signalling identifies it as a 

potential target for ftiture therapeutic interventions.
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5.1 General Discussion

The discovery o f a third subset o f  CD4^ T cells which preferentially express IL-17A has 

sparked intensive research into the mechanisms surrounding their generation and 

maintenance. These cells have been implicated as central mediators o f  inflammation in 

numerous setting o f  autoimmunity as well as playing essential roles in host defence against 

infection. Furthermore, their characterisation has resulted in significant revisions o f  the 

consensus surrounding the cellular and molecular mechanisms at play in the pathogenesis o f 

a num ber o f  T cell driven autoimmune diseases. Despite notable advances in the 

understanding o f type 17 immune responses, significant gaps in our knowledge remain 

relating to the molecular cellular mechanisms at play, particularly in vivo. These issues are 

compounded by the recent discovery that a large proportion o f  IL-17A expression at early 

time points and indeed throughout the immune response is attributable to innate cellular 

sources. Such observations place IL-17A directly at the interface between innate and adaptive 

immunity, with increasing clinical evidence supporting a role for both innate and adaptive 

sources o f  IL-17A in human disease states (72, 226).

This study has sought to address the potential for sCD25 and TIR8/SIGIRR to act as 

signalling mediators in settings o f  autoimmune disease where IL-17A activity is known to 

play a significant pathogenic role. Previous clinical observations have suggested a potential 

role for these proteins in the regulation o f inflammation in settings o f  MS and psoriasis. 

However their potential in vivo relevance has yet to be satisfactorily addressed (113, 192).

Specifically, this work has identified a novel role for sCD25 as a modulator o f  autoimmune 

disease in vivo (227). Mice treated with sCD25, for a short time post immunisiation, develop
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significantly enhanced disease which is associated with increased antigen specific Thl7 cells 

in the periphery and enhanced infiltration o f Thl7 cells to the CNS. Furthermore, sCD25 

enhanced the generation o f Thl7 cells in vitro through inhibition o f IL-2R signalling. sCD25 

mediated these events through direct interaction with IL-2, acting as a ‘sink’ and thereby 

limiting its bioavailability to Thl7 cells. These data demonstrated the immunomodulatory 

abilities of sCD25 for the first time in vivo. Furthermore, the association between elevated 

levels o f sCD25 found in the sera of autoimmune patients and the presence of specific 

susceptibility alleles at the CD25 gene locus offer perhaps the clearest indication that sCD25 

plays a role in autoimmune pathogenesis (113).

Whilst sCD25 was shown to enhance the generation o f adaptive Thl7 responses, the second 

part of this study demonstrates the importance of innate IL-17A in autoimmune inflammation 

and identified a novel signalling mediator which negatively regulates these events. The 

orphan receptor TIR8/SIGIRR was shown to regulate dermal inflammation driven by IL-17A 

expressing y5 T cells through direct inhibition o f IL-17A. TirS/Sigirr ' mice displayed 

enhanced susceptibility in both chemical and cytokine induced models o f psoriasis. This 

increased disease severity was associated with enhanced infiltration of Vy4'^ y5 T cells that 

express significantly elevated levels of IL-17A. Importantly the enhanced disease phenotype 

was reversible upon treatment with an anti-IL-17A antibody (228). This arm of the study 

further highlights the central role IL-17A plays not only in the pathogenesis o f psoriasis but 

also its importance in bridging the gap between innate and adaptive immunity as a 

consequence of its expression by innate y5 T cells. Furthermore, it identifies TIRS/SIGIRR as 

a novel intrinsic regulator o f innate type 17 responses and identifies a previously 

unappreciated role for this receptor as a regulator o f dermal inflammation.

In recent times a number of autoimmune disorders, characterised by T cell driven 

inflammation and previously thought to be mediated by Thl cells, have now been revisited
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with a growing appreciation for the significant IL-17A component involved (229, 230). These 

observations have directly led to the development o f  a number o f  novel frontline therapeutics 

which have successfully targeted components o f the IL23/IL-17 pathway. These early 

successes in the clinic, in particular with antibodies against IL-17A and 1L-17RA, have led 

profound improvements in the quality o f life for patients suffering from chronic psoriasis and 

rheumatoid arthritis. Strikingly, a single dose o f the anti-IL-17A antibody secukinumab 

resulted in significantly reduced psoriatic plaque area as well as reduced number o f 

proinfiammatory cells in lesional skin (231). This therapy has also demonstrated potential 

effectiveness in ankylosing spondylitis (231). Similar effectiveness is also observed in 

psoriasis patients treated with alternative antibodies targeting both IL-17A and IL-17RA 

(133, 134). However, despite the common inflammatory pathways involved in a number o f 

autoimmune diseases, direct targeting o f  IL-17A in Crohn’s disease has proven ineffective 

and even exacerbated disease in some cases (232, 233). Similarly, deficiency in IL-23 has 

even been suggested to accelerate wound healing settings o f coilitis (234). These clinical 

anomalies highlight the complexity o f  the role IL-17A plays in such settings and emphasises 

the critical importance o f  further elucidating the cellular and molecular mediators at play in 

the regulation o f  this pathway.

The mechanisms through which type 17 immune responses are generated depend on the 

ability o f innate immune cells to respond to environmental stimuli leading to the expression 

o f  instructive signals which include IL-23 and IL-1. With the discovery o f T h l7  cells a 

number o f classic immune regulatory mechanisms were implicated as playing a role 

modulating the activities o f these cells such as IL-10 (235) and STATl mediated counter 

regulation by Thl cells (236). This array o f regulatory proteins has expanded rapidly over 

time.
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For example, IL-27 is a member o f the IL-12 cytokine family which has been shown to have 

anti-inflammatory properties in EAE (152, 237). This protective effect occurs as a 

consequence o f IL-27 activity which inhibits Thl7 responses and also its ability to suppress 

GM-CSF (238) a highly pathogenic cytokine which is expressed by Thl7 cells in settings of 

neuroinflammation (239, 240). IL-27 is thought to inhibit Thl7 cells through mechanisms 

distinct from interlineage regulation as lack o f IL-27 also results in enhanced Thl mediated 

tissue pathology. IL-27 has also been demonstrated to induce the expression o f IL-10 from T 

cells, with IL-27 deficient T cells displaying defects in IL-10 expression, suggesting the 

possibility that IL-27 plays a role in the induction of peripheral Tregs (241-243). T hl7  cells 

share similarities in their developmental programs with Tregs, with signals such as STAT3 

activation enhancing the generation of Thl 7 responses but inhibiting the generation o f Tregs. 

The role o f IL-2 as an early inhibitory signal in the generation of T h l7 cells, whilst 

promoting the generation of Tregs is well documented. Tregs act to suppress the 

inflammation and associated tissue pathology associated with dysregulated T h l7 cell activity, 

however somewhat paradoxically Tregs have been shown to enhance the generation o f Thl 7 

cells independently o f TGF-p signalling and Thl regulation (203). This phenomenon, which 

only occurs at early time points during the generation o f Th responses is mediated through 

the ability of Tregs to consume IL-2 as a consequence of their high surface CD25 expression. 

The early induction o f T h l7 cells described in these studies is similar in nature to our 

observations which demonstrate the ability o f sCD25 to enhance the generation o f Thl 7 cells 

at early time points. It is tempting to speculate that the reported enhancement by Tregs is 

mediated, at least in part by sCD25 shed from the surface o f activated Tregs, further 

indicating of a role for sCD25 in the modulation o f T cell responses and autoimmunity.

The interplay between classically described components o f the immune system clearly plays 

a significant role in the regulation o f Type 17 responses in settings of inflammation.

126



Recently, the scope and complexity of regulatory networks at play in Type 17 responses was 

further expanded by reports implicating a high salt diet as a powerful enhancer o f Thl7 cells 

and exacerbates disease in EAE (244, 245). High-salt conditions during in vitro Thl7 

differentiation activated the p38/MAPK pathway and serum/glucocorticoid-regulated kinase 

1 (SGKl), an important mediator o f sodium transport. Gene silencing or chemical inhibition 

of p38/MAPK pathway components or SGKl abrogates the high-salt-induced Thl7 cell 

development (244, 245) Furthermore, WT mice fed a high salt diet display a more severe 

EAE than mice fed a normal diet and this increased severity was dramatically reduced in 

SGKl-deficient mice (245). These data provide previously unappreciated insight into the role 

environmental factors play in the generation of Thl7 responses and further highlight the 

importance o f understanding the cellular regulation of innate sources of IL-17A by cells 

which can respond rapidly to environmental ques to express IL-17A and other associated 

cytokines (66, 67). Although such innate cells can apparently respond without recognition of 

specific peptide antigens presented by APC, it is clear that they can express abundant 

amounts o f IL-17A which has important implications at the mucosal and barrier sites where 

these cells predominantly reside. IL-17A maintains tight barrier function, recruits neutrophils 

and drives expression o f defensins which all contributes to the maintenance of mucosal 

integrity (101). These innate IL-17A expressing cells likely contribute to the maintenance o f 

gut homeostasis through their ability to rapidly express IL-17A in response to microbial 

insult whilst providing other pro-resolving cytokines such as IL-22 which acts in repair o f the 

epithelium. The opposite appears to be the case in settings of dermal inflammation where IL- 

17A expression by innate cells promotes inflammation through similar mechanisms 

contributing to dysregulated keratinocyte proliferation, erythema and lesion formation. Our 

studies have demonstrated TIR8/SIGIRR as playing a key role in the regulation IL-17A by y5 

T cells in such settings. Interestingly, we also observe a population of CD45^ CD3 negative
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cells which express significantly elevated IL-17A in the absence o f TIR8/SIGIRR. These 

alternative innate sources o f IL-17A have sparked fervent interest in recent times as the 

repertoire o f IL-17A expressing cells expands rapidly and in particular as it becomes clear 

that 1L-17A dependant autoimmune inflammation is inducible in mice that are deficient in 

adaptive immune cells (246).

These novel populations o f IL-17A expressing non T cells cells have proven difficult to 

characterise as they lack the expression of surface markers in many cases make them difficult 

to identify. A number o f specific cell types expressing IL-17A under the apparent governance 

o f RORyT have been identified with suggested roles in the maintenance of tissue homeostasis 

and potentially pathogenic roles in IBD (64). Strikingly the biology of these cells has 

revealed many similarities with adaptive T cells in their cytokine secretion profiles and 

transcription factors, further blurring the lines between innate and adaptive type 17 responses. 

Furthermore, our observations in y6 T cells and murine psoriasis models provide solid 

rationale for the investigation of T1R8/S1G1RR as a potential regulator o f these 

nonconventional cells going forward. These cells are potentially very interesting new players 

in settings o f type 17 immune responses however due to their overall low incidences 

compared to alternative immune lineages their specific contributions to such inflammation in 

humans are not completely clear.

It is clear that 1L-17A expressing cells can also co express an array cytokines apart from IL- 

17A (247, 248), which can act in a tissue specific manner to enhance or inhibit the 

inflammatory response. A prime example is IL-22 which is pathogenic in the skin, has repair 

ftinctions in the gut and is non essential in EAE (73, 249, 250). It is clear from our in vivo 

footpad studies that TIR8/SIGIRR has a role to play in the regulation of this cytokine further 

underscoring its potential importance as a key modulator o f type 17 responses in such 

settings. Furthermore, in settings o f EAE where 1L-17A plays a prominent proinflammatory
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role there are certain highly pathogenic cytokines such as GM -CSF whose expression can 

also be attributed to T h l7  cells. It is also clear from our data that TIR8/SIGIRR plays a role 

in the regulation o f innate GM -CSF expression further highlighting its importance in such 

settings.

IL-17A biology has made significant advances since the discovery o f  its predominant cellular 

source more than 10 years ago. It has become clear that IL-17 and the repertoire o f  cytokines 

associated with these cells play fundamental roles in setting o f autoimmunity and host 

defence against infection. We have identified and characterised two novel regulators o f IL- 

17A expression in settings o f  autoimmune inflammation. We further demonstrate the role for 

IL-2 receptor signalling in the maintenance o f T cell tolerance and provide a potential 

mechanistic insight into the progression o f autoimmune disease in certain susceptible MS 

patient cohorts. In a similar fashion we show that the regulation o f  Toll/ILR signalling 

through the actions o f TIR8/SIGIRR plays a central role in the modulation o f  innate immune 

responses driven by IL-I7A.

Taken together these data provide further evidence o f  the global role IL-17A plays in 

inflammatory settings across the innate and adaptive immune systems and more importantly 

identifies two therapeutic targets through which overt inflammation attributable to 

dysregulated activity o f  this cytokine could potentially be resolved.
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5.2 Future work

Despite extensive evidence across the literature over the last num ber o f  years implicating 

TIR8/SIRIRR as in important player in the regulation o f  inflammation driven by TLR/ILR 

family members specific insights into the mechanisms through which it exerts these effects 

are currently limited (177, 184). It will be important going forward to investigate these 

mechanisms, specifically in the context o f  our data relating to role TIR8/SIGIRR plays in the 

regulation o f  innate IL- lRl  dependant IL-17A production. Previous reports have implied that 

certain subunits o f TIR8/SIGIRR are specifically required for the regulation o f  such activities 

(183) however these findings have not been validated in primary murine T cell populations. 

We plan to construct a range o f  truncation mutants which specifically lack either the 

extracellular Ig domain, the TIR domain or the C terminal domain and ectopically express 

these mutants in tirS/sigirr ' '  T cells to determine which specific subunits are involved in the 

inhibition o f  IL-1 driven innate IL-17A expression from these cells. This system once up and 

running has the potential for use in a wide variety or other primary cell types which are 

subject to regulation by TIRS/SIGIRR activities.

We also plan to assess potential ligand binding candidates for TIR8/SIGIRR through surface 

plasmon resonance studies where full length recombinant TIRS/SIGIRR as well as its 

individual recombinant subunits will be used to assess potential interacting partners with 

TIRS/SIGIRR and individual subunits. These studies have the potential to uncover potential 

ligands for TIRS/SIGIRR but could also reveal a role for TIRS/SIGIRR in the formation o f 

signalling complexes o f other IL-1 receptor and TLR family members. For example, 

TIRS/SIGIRR has been shown to interact with IL-1 receptor accessory protein (183) as does 

the receptor for the novel IL-1 family member IL-36 (251) however the possibility that

130



T1R8/S1GIRR acts as a regulator o f IL-36 receptor responses has yet to be addressed. 

Furthermore, the newest IL-1 family member IL-38 has been demonstrated to bind to IL-36 

receptor (252), as such it will also be interesting to assess a potential role for TIR8/SIGIRR 

as a putative regulator of both IL-36 receptor and IL-38 mediated signalling events.
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Toll IL-1R8/Single Ig IL-l-Related Receptor Regulates 
Psoriasiform Inflammation through Direct Inhibition 
of Innate IL-17A Expression by 78 T Cells

Shane E. Russell,*’̂  Anna M. Stefanska,*’̂  Malgorzata Kubica,*’̂  Rachel M, Horan,
Alberto Mantovani,*’̂  Cecilia Garlanda,* Padraic G. Fallon,*’̂  and Patrick T. Walsh*’̂

Expression of the orphan receptor Toll IL-lR8/single Ig IL-l-related receptor has been reported to be reduced in the peripheral 
blood of psoriatic arthritis patients. However whether TIR8/SIGIRR activity plays a specific role in regulating psoriatic inflam
mation is unknown. We report that TirS/Si^i/r-deficient mice develop more severe psoriatic inflammation in both the chemical 
(Aldara)- and cytokine (rIL-23)-induced models of psoriasis. Increased disease severity was associated with enhanced infiltration 
of V y4 '̂  7 8  T cells that express significantly elevated levels of IL-17A. Critically, we also demonstrate that TIR8/SIGIRR activity 
directly suppressed innate IL-17A expression by 7S T cells in vitro and in vivo. Importantly, treatment of Tir8/Sigirr~^~ mice with 
an IL-17A neutralization Ab reversed the enhanced disease severity observed in these mice. This study identifies TIR8/SIGIRR as 
a novel intrinsic negative regulator of innate IL-17A expression and characterizes a novel mechanism involved in the regulation of 
psoriatic inflammation. The Journal o f Immunology, 2013, 191: 3337-3346.

P so riasis is a com m o n  ch ron ic  im m une-d riven  d isease  o f  the 
sk in  w ith  inc id en ces o f  b e tw een  1 and 3%  in the population  
o f  w este rn  countries. A lthough  the d isease  rare ly  proves 

fatal, p a tien ts  su ffer s ign ifican t physical d iscom fort from  the ap
pearance  o f  in flam ed  pso ria tic  sk in  lesions, w hich  can  also  be 
associa ted  w ith  an added  psych o lo g ica l burden. T he pathogenesis 
o f  p so riasis invo lves a co m p lex  in terp lay  o f  im m uno log ica l, ge
netic , and  env iro n m en ta l fac to rs , all o f  w hich  can  con tribu te  in 
vary ing  d eg rees to  the specific d isease  p heno type in hum ans ( 1 , 2 ). 
T he cond itio n  is com m o n ly  ch a rac te rized  by rap id  and dysregu- 
la ted  kera tin o cy te  p ro lifera tion  lead ing  to a  th ickened  ep iderm is 
(a c a n to s is ) . T h is  a b e r ra n t k e ra t in o c y te  b e h a v io r  o f te n  le a d s  to  
sign ifican t re ten tio n  o f  nuc lea ted  ce lls  w ith in  the g ran u la r layer 
(parakera tosis) and a  very  ap p aren t ery th em a (redness) because  o f 
increasing ly  d ila ted  b lood  v esse ls  in the derm is. T hese  m an ifes
tations o ccu r in  co n junction  w ith  a  m arked  im m une cell infiltrate 
com posed  p rim a rily  o f  dense  co n cen tra tio n s o f  T  ce lls a long  w ith
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d e n d r itic  c e lls , n e u tro p h ils , an d  m a c ro p h a g e s  (3 ). C la ss ic a lly , 
psoriasis has com e to be v iew ed  as a T  ce ll-d riv en  auto im m une 
d iso rder due a t least in part to its responsiveness to  cyclosporine 
trea tm ent (4) and a lso  as T h l cells, expressing  IFN -7 , w ere seen as 
the key drivers o f  d isease pathogenesis (5, 6 ). H ow ever, m ore re
cen tly  a d eeper characteriza tion  o f  both  psoriatic  lesional infiltrates 
and  the periphera l b lood  o f  pa tien ts have uncovered  a prom inen t 
ro le fo r in flam m atory  ce lls driven by the IL -23/IL -17 signaling  axis 
as central m edia to rs o f  d isease (7, 8 ). Such ce lls include subsets o f  
innate  7 8  T  ce lls  and lym phoid  ce lls that express abundant am ounts 
o f  pro inflam m atory  IL -17A , IL-17F, and lL -2 2  at key skin barrier 
sites (9, 10). T he im portance o f  these cells, a long w ith  T h l7  
cells that express a  sim ilar cytok ine reperto ire , in psoriasis pa tho
genesis has underscored  the developm ent o f  a  range o f  m A bs tar
geting  the IL -23 /IL -17  signaling  axis and, m ore specifically, IL- 
17R A (B rodalum ab) and one o f  its ligands, IL -17A  (Ixekizum ab) 
(11, 12). T hese  targeted  therap ies have m et w ith  considerab le  early 
success in the clin ic  and  w ill m ost likely form  the next range o f  
fron t line therap ies fo r psoriasis treatm ent. H ow ever, desp ite  these 
exciting  advances in d rug  developm ent, significant gaps rem ain  in 
our understand ing  o f  the regulatory  m echanism s that underpin  the 
IL -23/IL -17 signaling  axis and the ce llu lar and  m o lecu lar in ter
actions a t p lay  in the con tex t o f  derm al in flam m ation  in psoriasis.

IL-23 is a  m yelo id-derived  cytok ine that acts as a key grow th 
facto r inducing  the expression  o f  a  num ber o f  type 17 cytokines 
includ ing  IL -17A , IL-17F, and IL -22 from  bo th  T h l7  cells and 
innate  7 8  cells, w hich  a num ber o f  recent stud ies have im plicated  
as central drivers o f  psoriatic inflam m ation  (7, 10, 13, 14). IL-23 
shares its p40 subunit w ith  the T h l- in stru c tiv e  cy tokine IL-12, and 
an an ti-p40  m A b (U stek inum ab) has m et w ith som e successes for 
the treatm ent o f  psoriasis in the clin ic  (15). A lthough the ro le IL-23 
p lays in the developm ent o f  type 17 responses and associated  au
to im m unity  is well established , a  num ber o f  o ther cytokines are 
also  know n to  con tribu te  to, and indeed com plim ent, the actions 
o f  IL-23 in sim ilar settings. O ne such exam ple is IL-1, a cytokine 
that ex ists in tw o  distinct form s, I L - lp  and I L - la .  T hese signaling 
m ediators both  share the sam e receptor, I L - lR l  type 1 ( IL - lR l) ,  
and e lic it rem arkab ly  sim ilar effects despite significant differences
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in their expression and activity (16). It has long been surmised that 
IL -lR l signahng is dysregulated in psoriasis; however, its specific 
role has proved controversial (17, 18). Recently reports have dem 
onstrated that IL -lR l signaling is indispensable for acanthosis, neu
trophil recruitment, and M unro’s abscess formation in the Aldara- 
induced model o f psoriasis (19). These findings coupled with its 
established role in complimenting the proinflammatory actions of 
IL-23 highlight the need to further exam ine the role IL - lR l sig
naling plays in psoriasis pathogenesis and in particular investigate 
the action o f  signaling m ediators that are known to regu la te  its 
effects.

One such m ediator is Toll 1L-1R8 also known as single Ig IL -1- 
related receptor (TIR8 /SIGIRR), which serves as a negative regu
lator o f inflammation driven by the T o M L -lR  superfamily m em 
bers (20, 21). TIR8/S1G1RR is currently designated as an orphan 
receptor for reasons attributed to its unique structure within the 
Toll/IL-IR  superfamily. It possesses a single extracellular Ig do
main, distinct from the characteristic three domains o f other family 
members such as the IL -lR l and IL-18R, and current consensus 
suggests the small size of this single extracellular portion precludes 
b inding o f a cognate ex trace llu la r ligand. Furtherm ore, T IR 8 / 
SIGIRR possesses two amino acid substitutions (Ser‘*̂  ̂ and Tyr^^* 
replaced by Cys^^^ and L e“^“ ) in its com m on in trace llu la r TIR 
signaling  dom ain. A lthough the functional consequences, if 
any, o f  these substitutions are unknown, the observation is con
sidered suggestive o f im paired signal transduction ability (21-23). 
Recently, TIR 8 /SIGIRR has been identified as a m odulator o f au
toimmune disease through its ability to inhibit the IL -lR l-d riv en  
proliferation o f T h l7  cells (24). Litde is known of the impact TIR 8 / 
SIGIRR may elicit in human disease; however, it is noteworthy that 
its expression is significantly downregulated in the peripheral blood 
of psoriatic arthritis patients (25). This observation coupled with the 
results o f murine studies implicating an important role in the reg
ulation of IL-23/IL-17 signaling strongly indicates a potential role 
in the regulation of psoriatic inflammation.

In this study, we define a role for TIR8 /SIGIRR as a modulator of 
psoriatic inflammation through direct suppression of innate IL-17A 
expression by 7 8  T  cells. Tir8/Sigirr~'~  mice display an exacer
bated disease phenotype in two m urine m odels o f psoriasiform  
inflammation. These events are associated with enhanced infiltra
tion o f V 7 4 ’̂  7 8  T  cells with significantly increased expression of 
IL-17A. Critically, we also demonstrate that TIR8 /SIGIRR activity 
suppressed innate IL-17A expression by 7 8  T  cells in vitro and 
in vivo. Importantly, the increased disease severity observed in the 
absence o f TIR 8 /SIGIRR is reversible through treatm ent with an 
anti-IL-17A neutralization Ab. These data identify a previously 
unappreciated role for T IR 8 /SIGIRR in the regulation of innate IL- 
17A expression by 7 8  T  cells and as a novel regulator o f dermal 
inflammation in the context o f psoriasis.

Materials and Methods
M ice

W ild-tyM  (W T) C57BL/6 m ice were purchased from  Harlan UK. TirS/ 
Sigirr~  mice on a C57BL/6 background were provided by A. M antovani 
(University o f M ilan). All m ice used were between 6  and 8  w k and were 
housed under specific pathogen-free conditions at Institute fo r M olecular 
M edicine, St. Jam es Hospital (Dublin, Ireland). All anim al experim ents were 
performed in compliance with Irish Department o f Health regulations (license 
number B 100/4272) and approved by the institutional ethical review board.

Materials

ELISA  kits fo r m ouse IL-17A, IL-17F, IL-17A/F, and IL-22 w ere pur
chased from  eB ioscience (Hatfield, U .K .) and w ere carried out according  to 
m anufacturer’s instructions. R ecom binant m ouse IL-1(3 and IL-23 w ere 
purchased from eB ioscience. T he following Abs w ere used for surface

staining CD45 (3 0 -F ll) ,  CD3 (145-2C11), 7 8  TC R  (E bio GL3), V7 4  

(U C 3-10A 6) (BioLegend), and CD4 (RM 4-5). Intracellular staining was 
perform ed for IL-17A  (17B7), IL -22 (IL22JOP), IL -I7 F  (eB iol8F10), 
IFN - 7  (X M G  1.2), and BrdU  (3D4). All Abs w ere purchased from eB io
science unless otherw ise stated. The JNK inhibitor SP600125 and m am 
m alian target o f rapam ycin (m TOR) inhibitor Tem sirolim us w ere purchased 
from  Sigm a-Aldrich.

Aldara-induced model o f  psoriasiform  inflammation and  
an ti-IL -I7A  treatment

M ice were shaved on their back before hair removal using a depilatory cream. 
Tw o days la te r, im iqu im od  (5%  c ream ; A ldara  M ED A  P harm aceu tica ls , 
Dublin, Ireland) or control c ream  was applied to the back  (3.125 m g/day) or 
ears (1 mg/day) o f m ice for 1-7 d, depending on experimental requirements. 
E ar th ickness  w as m easu red  using  a th ickness gauge (H itec ) before  the 
in itia tio n  o f the  ex p erim en t on  day 0  and every  day  th e rea fte r un til the 
term ination o f the experim ent. Cells from  skin draining lym ph nodes were 
restim ulated with IL-23 (50 ng/m l) fo r 12 h before further analysis by  flow 
cytometry. Ears from W T and Tir8/Sigirr '~  mice were also taken and ho
m ogenized in PBS containing a  protease inhibitor m ixture (Sigma-Aldrich). 
Protein concentrations were equalized, and homogenate was analyzed for 
ex p ress io n  o f  I L - ip  and  IL -23 by EL ISA . For IL -17A  neu tra liza tio n  
experiments, m ice were treated on days 0  and 2 with 250 (jLg/mouse anti-IL- 
17A Ab (1 7 R )  o r m ouse IgG l isotype control (M OPC-21) (BioXCell, West 
Lebanon, NH), and disease was m onitored as described previously (9).

IL-23 intradermal injection model

W T and Tir8/Sigirr~' m ice were anesthetized and injected intraderm ally 
with e ither 200  ng IL-23 o r PBS in a 20 - ( j l 1 volum e every day using a 30 -  

gauge needle. Ear thickness was m easured using a thickness guage (H itec) 
before the initiation o f the experim ent on day 0  and every day thereafter 
for a period o f 7 d. Cells from  psoriatic skin w ere restim ulated with PM A 
(10  ng/m l) and ionom ycin (1 (J.g/ml) for 2 h in the presence o f brefeldin A 
(5 M-g/n'l) before further analysis by flow cytometry.

Cell preparation

Ears w ere cut into small p ieces and digested fo r 1 h at 37°C in com plete 
RPM I 1640 m edium  supplem ented with I mg/ml collagenase D and 100 
m g/m l DNase I before passing through a 40  (iM  filter to form  a single-cell 
suspension. Lym ph nodes o r spleens were processed in to  single-cell sus
pensions by dissociation o f tissue and passing through a  40  (jlM filter.

Flow cytometry

Cells w ere analyzed fo r surface and intracellular protein expression using 
an LSR/Fortessa (BD  Biosciences) before further analysis using FlowJo 
softw are (Tree Star). For all experim ents, initial gating w as perform ed on 
live lym phocytes from  forw ard versus side scatter p lots. Subsequent gating 
for 7 S T  cells and subsets w ere perform ed for CD45, 7 S TCR. and V 7 4  

positivity as appropriate. O ther unconventional cell subsets were gated on 
CD 45-positive and CD 3-negative staining. CD4 T  ceUs w ere gated on 
CD 4-positive cells from  the live lym phocyte gate. For intracellular stain
ing, fixation and perm eabilization o f cells were perform ed using a Fix/ 
Perm  Kit (D akoCytom ation), according to the m anufacturer’s instructions. 
Appropriate isotype control Abs w ere used for setting positive gates in 
intracellular staining experim ents.

In vivo foo tp a d  model

M ice w ere injected with 50 ng IL-1 p , IL-23, o r a com bination of both or 
with the indicated TL R  ligands into each hind footpad in a total volume o f 
20 |xl as described previously (26). PBS injection was used as a vehicle 
control. A fter 4 h, the popliteal lym ph nodes were harvested and processed 
to single-cell suspension before culture in the presence o f  brefeldin A (5 
(ig/m l) for an additional 4 h. Cells w ere subsequently analyzed for surface 
and intracellular protein by FACS.

BrdU  flow kit (BD  Pharm ingen) w as used according to the m anufacturer’s 
instructions fo r in vivo BrdU  labeling o f cells. Briefly, m ice were injected 
i.p. with BrdU  (1 m g/m ouse) 48 and 24 h p rior to in itia tion  o f the footpad 
m odel as described above. Upon isolation, cells w ere stained  for surface 
protein before fixation and perm eabilization with BD Cytofix/C ytoperm  
B uffer Cells w ere subsequently treated with D N asel to expose intracellu
lar BrdU and stained with anti-BrdU.

RT-PCR and quantification

Extraction o f  RNA from  w hole tissue was perform ed using  an Isolate RNA 
mini kit (BioUne), and RNA levels w ere equalized before  perform ing RT-
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PCR using a High Capacity cDNA kit (Applied Biosystems), all according 
to the manufacturer’s instructions. Real-time PCR was performed using 
SensiFAST Probe Hi-ROX kit (Bioline) incorporating predesigned gene 
expression assays for IL-17A, IL-22, IL -ip , IL-23, and tirS (Applied 
Biosystems). Expression was normalized to 18s rRNA. Samples were 
assayed on an Applied Biosystems 7900HT Fast Real-Time PCR System.

H islopa tho log ica l a n a lys is  o f  tissue

Tissue was fixed overnight in 10% formalin before dehydration and em
bedding into paraffin blocks. Eight-micrometer sections were subsequently 
cut and stained with H&E. Sections were scored blindly for pathological 
manifestations of psoriatic inflammation on a scale of 0 -4  (0, no observ
able difference over control; 1, mild; 2, moderate; 3, marked; and 4, se
vere) for the following parameters: acantosis, desquamation, parakeratosis, 
and infiltration. Scores for each parameter were combined for an overall 
histological severity score.

In vitro ce ll s tim u la tion

WT and Tir8/Sigirr~'^ splenocytes were cultured in the presence of IL-23 
(10 ng/ml) and IL -1 p (0.01 n g - 10 ng/ml) in the absence of plate bound 
Ab stimulation for 72 h before analysis o f the cell culture supernatants 
by ELISA. For inhibition of IL - lR l signaling pathways, cells were

preinclubated for 2 h at 37"C at the indicated concentrations prior to 
washing and stimulation. WT and Tir8/Sigirr~'^  7 8  T cells were purified 
(> 98% ) by FACS sorting using a MoFlo sorter (Beckman Coulter) and 
cultured in the same manner as above or in com bination with rlL - 6  

(10 ng/ml) and TGF-P (5 ng/ml) or immiquimod (5 (Xg/ml) before performing 
intracellular cytokine staining and analysis of cell culture supernatants by 
ELISA. Identical experiments were also performed in the presence (1:1 
ratio) of APCs (T-depleted splenocytes), which had been prestimulated 
overnight with immiquimod (5 p-g/ml)

Results
E n h a n ced  severity  o f  A ld a ra -in d u c ed  pso ria sifo rm  
in flam m ation  in T ir8/Sigirr~^~ m ice

Innate 78 T cells that express IL-17A in response to IL -lR l stim
ulation are thought to play a key pathological role in a variety of 
autoimmune disorders with recent emerging evidence, suggesting a 
critical role in the progression of psoriasis (10, 27). Interestingly, it 
has been observed that TIR8/SIGIRR expression is significantly 
downregulated in the peripheral blood of psoriatic patients; how
ever, despite these observations, the role of TIR8/SIG1RR in the

WTCtrl T IR 8 -/- C trl

FIG URE 1. Enhanced severity of 
Aldara-induced psoriasiform inflam
mation in TirS/Sigirr '  mice. (A) 
H&E-stained sections from ears of 
WT and TirS/Sigirr^' mice treated 
with Aldara (1 mg/day) or control 
cream for 5 d (scale bar, 50 (Am). (B) 
Increased epidermal thickening in 
T ir8 /S ig irr~ ' m ice treated  with 
Aldara. (C) Representative macro
scopic photographs of ears from WT 
and TirS/Sigirr ' mice treated with 
Aldara. (D) Real-time PCR analysis 
for basal expression of Tir8 in the 
indicated cells and tissues. WT un
less stated otherwise. (E) ELISAs for 
IL -1P and IL-23 were performed on 
tissue lysates of ears from WT and 
Tir8/Sigirr~ '~  mice treated with 
Aldara for the indicated times. (F) 
Real-time PCR analysis of IL-17A and 
IL-22 from psoriatic skin of WT and 
TIR8  mice after 5 d of treatment 
with Aldara. Cells from skin draining 
lymph nodes of WT and Tir8/Sigirr~'~ 
mice were examined by flow cytom
etry for intracellular IL-17A and IL-22 
expression from 7 S T cells (G, I) 
and CD4 T cells (H, J). These data are 
representative of at least three in
dependent experiments with similar 
results. Statistical significance deter
mined by unpaired Student t test; 
**p s  0 .0 1 , ***p ^  0 .0 0 1 .

- •  WT AJdara 
- m -  T IR 8-/-A ldara 
■ *  W TCtrl

W T  A L DA RA TIR8 A LD A RA

£ 0.20

T^R8-A ALD A RAw r  A L DA RA

C D 3  C D 4  y 6  - f S  W T  T I R 8 '

skin

j a o t i  |isoo»
-r I  ■<"DTW* T a™#* JLi-inlDhfcJD

24hrs 48hrs 24hrs 48hrs

□  IWV̂
■  wr

•  u •m
ZMM
J

WT TIR8 V.<«*
2.15 0.08 3.57

IL-17A
0.84

10*

IL-22

H W T
1.99 "  0.371

TIR8 J.

IL-17A
9 7 .1____ ,0.S7,

IL^2

1
•  WT 
■

•
•

1-1
•

• • •  5  ’

1 -

<  »

J i

0  
.  U  «

f  i  
•  ^

8
•

W T T1R8V- W T TIR87. WT TIR8V- W T TIR8V-

D
ow

nloaded 
from 

http://w
w

w
.jim

m
unol.org/ at U

niversity 
College 

Dublin 
on 

M
arch 

14, 2014



3340 SIGIRR REGULATES DERM A L INFLAMMATION

regulation 7 8  T  cell-driven pathology and more specifically its role 
in the regulation of dermal inflammation in psoriasis have yet to be 
addressed (25). To answer these questions, we used a murine model o f 
psoriasiform inflammation where 7 8  T  cells are known to play a key 
role in disease progression. This model, which is IL-23 dependent, 
involves daily topical application of the TLR7 agonist imiquimod 
formulated in a commercially available cream, Aldara (28). Aldara 
has been used for some time in the treatment o f a variety o f dermal 
m alignancies such as actinic keratoses and superficial basal cell 
carcinomas (29, 30); however, a side effect of such treatment is the 
exacerbation of psoriatic lesions in some patients, even those with 
well controlled psoriasis (31,32). On the basis o f this observation, use 
of Aldara in murine studies as an inducer of psoriasiform inflam
mation has come to be accepted as a clinically faithful model of 
psoriasis, particularly as the pathological manifestations induced bear 
striking similarities to human psoriasis but also because it is respon
sive to a range of the current frontline psoriasis therapies (9, 10, 28).

Aldara cream applied to the ears o f W T control and Tir8/Sigirr~'~  
mice over a period o f 5 -7  d resulted in an exacerbated inflamma

tory phenotype in Tir8/Sigirr~'~  mice. Analysis o f H&E-stained 
sections of treated ears revealed enhanced acantosis, desquamation 
(scaling and outer layer shedding), and dermal infiltration o f nu
cleated cells in Tir8/Sigirr~'~  mice (Fig. lA ). Also, measurement 
o f the overall thickness of treated ears revealed significantly en
hanced epidermal thickening in Tir8/Sigirr~'~  mice (Fig. IB). This 
enhanced disease phenotype is also clearly visible macroscopically 
with enhanced desquamation and erythema on the ears o f Ttr8/ 
S ig irr~ '~  m ice (Fig. 1C). To investigate  w hich cell types T IR 8 / 
SIGIRR activity may play a role in the context o f dermal inflam
mation, we first examined levels o f gene expression on relevant cell 
subsets and tissues by real-time PCR analysis. Interestingly, basal 
expression of the TlrS/Sigirr gene was found to be significantly 
higher in 7 8  T  cells when compared with CD3'^, CEW"̂ , and CD3 '̂ 7 8 “ 
cell subsets and m urine skin (Fig. ID ). A pplication  o f  A ldara is 
thought, in part, to drive psoriasiform  inflammation through in
duction of IL-23 and IL-1(3 from  dendritic cells and keratinocytes 
(19, 28). To investigate the possibility that an enhancem ent of 
either, or both, o f  these cytokines in the Tir8/Sigirr~'~  m ouse was

0 .4 2

FIG U RE 2. IL-23 injection results 
in significantly enhanced inflammation 
and IL-17A expression in tissues of 
Tir8/Sigirr~'~ mice. (A) Intradermal 
injection of IL-23 (200 ng) or vehi
cle control into the ears of WT and 
Tir8/Sigirr~'^ mice resulted in en
hanced epidermal thickening in TirS/ 
Sigirr ' mice. Increased numbers 
of total (B) and specific (C) immune 
cell subsets infiltrating the skin of 
Tir8/Sigirr'' mice after rIL-23 treat
ment for 7 d. Skin-infilu-ating im
mune cell suksets were analyzed by 
flow cytometry for intracellular IL- 
17A expression by V7 4  cells (D), 
CD4"^ T cells (E), and CD3*CD45" 
cells (F). (G) IL-17A'^ cell numbers 
o f skin infiltrating cell subsets fi"om 
IL-23-treated WT and Tir8/Sigirr~'~ 
mice. Statistical significance deter
mined by unpaired Student r test;
**p £  0.01, ***p £  0.001.
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accounting for the disease phenotype observed, skin biopsies from 
treated mice were hom ogenized and analyzed for gene and protein 
expression levels o f both IL - lp  and IL-23, Although no significant 
differences were observed in the levels o f expression of IL -1 (3 or 
IL-23, we did observe significantly increased levels o f IL-17A 
gene expression in the skin o f Tir8/Sigirr~ '~  m ice when com 
pared with con tro ls (Fig, IE , IF ), Furtherm ore, analysis o f 7 8  

T cells in the sk in-drain ing  lym ph nodes o f A ldara-treated  m ice 
revealed significantly  enhanced levels o f IL- 17A, but not IL-22, 
expression by Tir8/Sigirr~'~  m ice (Fig, IG, II), 7 8  T  cells, rather 
than T h l7  cells, appear to be the primary source of IL-17A in this 
setting because limited expression o f IL-17A by CD4* T  cells was 
observed (Fig, IH, IJ), These data demonstrate that in the absence 
o f T IR 8 /SIG IR R  there is increased A ldara-induced psoriasiform  
derm al inflam m ation that occurs in association with increased 
1L-I7A expression by 7 8  T  cells,

Intradennal IL-23 injection results in significantly enhanced  
dermal iriflammation in T ir8 /S ig irr“ ^~ mice

Intradermal injection o f IL-23 is another widely used model of 
psoriasiform inflammation, which is robustly comparable to the

Aldara model in terms of the key cellular mechanism s involved 
such as the induction of an IL-1R 1-dependent type 17 response 
through direct stimulation of T cell subsets (10, 33), Because 
T IR 8  /SIGIRR has been characterized as a negative regulator o f 
TLR7 signaling (34, 35), it is possible that the enhanced dermal 
inflammatory phenotype observed in Ttr8/Sigirr~'~  m ice in the 
Aldara model described above is dependent on this activity. To 
address this possibility, W T and TirS/Sigirr~'~  m ice were injected 
intraderm ally with rIL-23 or vehicle control daily for up to 7 d. 
Consistent with previous reports, IL-23 injection induced epider
mal thickening in W T mice (Fig. 2A) (33, 36), Similar to the 
Aldara model, Tir8/Sigirr~'~  m ice display significantly enhanced 
epidermal thickening compared with W T controls in this model 
(Fig. 2A). To determ ine the composition o f dermal infiltrating 
cells and assess any differences in populations between W T and 
TirS/Sigirr~'~  mice, CD45'^ cells purified from skin tissue were 
analyzed by flow cytometry. The total numbers o f skin-infiltrating 
cells were significantly increased in the absence o f TIR 8 /SIGIRR 
activity (Fig. 2B) with the most significant increase observed in 
the V 7 4  subset o f 7 8  T  cells, which have previously been im pli
cated as important mediators o f dermal inflammation in this model

F IG U R E  3. Innate IL - lp  and IL-23 drive en 
hanced IL-17A and IL-22 expression from  Tir8/ 
S ig irr^ ' 7 8  T  cell subsets in vivo. W T  and Tir8/ 
S ig irr~ '^  m ice injected in the hind footpad with 
a com bination o f IL - ip  (100 ng) and IL-23 (100 
ng). A fter 4 h, popliteal lym ph nodes were har
vested  from  trea ted  m ice  and u n trea te d  con tro ls . 
7 8  T  ce lls  w ere  su b seq u en tly  an a ly zed  by flow 
cytom etry for intracellular expression o f  the fo l
low ing cytokines. IL -17A  from  untreated mice (A), 
IL-17A from  treated m ice (B), IL-22 from  u-eated 
m ice (C), and IL-17F from  treated m ice (D). (E) 
Expression o f cytokines by 7 8  T  cells from un
treated and treated mice. Each dot indicates one 
m ouse. (F) Expression o f innate IL-17A  by the V74 
subset o f  7 8  T  cells. (G) Analysis o f  BrdU incor
poration by the V 74 subset a fter stim ulation with 
IL - lp  and IL-23. These data are representative o f at 
least three independent experim ents w ith sim ilar 
results. S tatistical significance determ ined by un
paired Student t  test; **p  s  0 .01, ***p  <  0.001.
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(Fig. 2C) (10). Importantly, as well as increased numbers, ex
pression levels o f  IL-17A on a per cell basis were also signifi
cantly enhanced among Tir8/Sigirr^'~ V yA  cells, with these cells 
accounting for the vast majority o f IL-17A -expressing cells in this 
setting (Fig. 2D). Expression of IL-17A by V7 4 ”  7 8  T  cell subsets 
and a small population o f CD45'*  ̂ non-T cells were also signifi
cantly enhanced in Tir8/Sigirr~'~  m ice (Fig. 2E, 2 0 ). Finally, 
although increased num bers o f CD4‘̂  T  cells were also observed 
in inflamed skin, their overall contribution to IL-17A expression 
when compared with that observed from innate subsets was limited 
(Fig. 2F, 20). These data demonstrate that intraderm al adm inis
tration of lL-23 also leads to enhanced psoriasiform inflammation 
in Tir8 /S ig irr~ '~  m ice, and this occurs in association  with in 
creased skin infiltration o f V7 4  7 8  T  cells expressing elevated levels 
o f IL-17A.

/L-//3 and IL-23 induce enhanced innate IL-17A and IL-22 
expression from  T ir8 /Sigirr~^” yS T  cell subsets in vivo

In support o f  the role IL-23 plays in the progression of IL -17A - 
driven dermal inflammation, we were interested to assess the po
tential role TIR 8 /SIGIRR plays in regulating complementary IL-1 
and IL-23 signaling in the context o f innate IL-17A expression by 
7 8  T  cell subsets. To address these questions, we used an in vivo 
innate stimulation system whereby W T and Tir8/Sigirr~'~  m ice 
were injected in the hind footpad with a combination of IL-1 (3 and 
IL-23 as described previously (26). After 4 h, popliteal lymph node 
cells were harvested from treated mice and untreated controls and 
cultured in the presence o f brefeldin A, without further ex vivo 
stimulation, before analysis by flow cytometry. Although no ex
pression of IL-17A was detected in the untreated controls (Fig. 3A, 
3E), significantly elevated expression of IL-17A was observed from 
Tir8/Sigirr~'~  7 8  T cells from mice treated with IL -ip  and IL-23 
(Fig. 3B, 3E). IL-22 was also elevated (Fig. 3C, 3E), but there were 
no differences in IL-17F expression, which was detected at rela
tively low levels (Fig. 3D, 3E). The V7 4  subset once again was 
the predominant subset expressing elevated IL-17A, but it is note
worthy that another population of V7 4 ”  7 8  T  cells also expressed 
increased levels o f  IL-17A (Fig. 3F). This suggests TIR 8 /SIGIRR 
acts as a broad regulator o f innate 7 8  T  cell IL-17A expression. 
Interestingly, both IL -lp  and IL-23 were absolutely required to 
induce IL-17A expression from 7 8  T  cells in vivo in this setting 
because mice injected singly with either IL-1 or IL-23 yielded no 
discernible cytokine expression. Furthermore, innate expression of 
IFN - 7  was not detected under any stimulus (data not shown). In
terestingly Tir8/Sigirr~'~  -y8  T  cells also express enhanced IL-17A 
in response to in vivo administration of the TLR4 agonist LPS and 
the TLR9 agonist CpO ODN in this model, suggesting a broader 
role for T IR 8/SI0IR R  in the regulation of innate IL-17A expres
sion by 7 8  T  cells (Supplemental Fig. 1). As TIR 8 /SIGIRR has 
previously been reported to suppress T h l7  proliferation mediated 
by IL -ip , we assessed the possibility that the enhanced 1L-17A 
observed in this assay system was as a consequence of dysregulated 
expansion  o f Tir8 /S ig irr~ '~  cells (24). However, no detectab le  
differences in 7 8  T  cell BrdU incorporation over normal hom eo
static levels were observed (Fig. 30 ). This observation indicates 
a direct effect o f TIR 8 /SIOIRR activity in regulating innate IL-17A 
expression without altering cell expansion in vivo.

Enhanced IL -lp -d ep en d en t expression o f  IL-17A follow ing  
innate stimulation  0/ T ir8 /Sigirr~^” 
on mTOR

splenocytes is dependent

expression by 7 8  T cells in Tir8/Sigirr m ice occurred as a 
consequence of enhanced IL -IR  1-dependent signaling. To ad
dress this possibility, we carried out an innate stim ulation o f  W T 
and Tir8/Sigirr~ '~  splenocytes in vitro with increasing levels of 
IL-1 (3 in the presence o f IL-23. These conditions resulted in 
significantly elevated expression of IL-17A, IL-22, and IL-17A/F 
heterodim er in an IL -lp -d ep en d en t m anner after 72 h (Fig. 
4A-C). Levels o f expression o f IL-17F were not altered (Fig. 
4D). To exam ine the m olecular m echanism s at play in the dys
regulated expression o f these cytokines in the absence o f T IR 8 / 
SIGIRR activity, we stim ulated splenocytes in the presence of 
inhibitors o f two established IL -IR  1-dependent signaling path
ways mediated by JNK and mTOR. Although no effects on IL- 
17A expression were observed in the presence of the JNK-specific 
inh ib ito r SP600125, in h ib ition  o f m T O R -dependent signaling  
w ith T em siro lim us resu lted  in a sign ifican tly  d ecreased  innate 
IL -17A  expression  by both W T and Tir8/S ig irr~^~  cells, w ith  a 
complete loss o f  the enhanced IL-17A expression in the absence 
of T IR 8 /SIGIRR (Fig. 4E), These data indicate a role for T IR 8 / 
SIG IRR in the m odulation  o f m TO R -m ediated  IL -IR  signaling  
in 7 8  T  cells.
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FIG U RE 4. Enhanced IL -13-dependent expression of IL -17A following 
innate stimulation of Tir8/Sigirr~'~ splenocytes is mTOR dependent. WT 
and Tir8/Sigirr '~ splenocytes were innately stimulated with IL-23 (10 ng/ 
ml) and increasing concentrations of IL -lp  for 72 h. Cell culture super
natants were analyzed by ELISA for levels of IL-17A (A), IL-22 (B), IL- 
17A/F (C), and IL-17F (D). (E) WT and Tir8/Sigirr~ s p le n o c y te s  were 
pretreated for 2 h with the indicated doses o f SP600125 or Temsirolimus 
before washing and culturing in the presence of IL -1 p and IL-23 for an 
additional 72 h. Cell culture supernatants were subsequently analyzed for 
levels of IL-17 A. These data are representative of at least two independent 
experim ents with sim ilar results Statistical significance determ ined by 
unpaired Student t test; *p s  0.05, **p s  0.01, ***p s  0.001.
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Purified y8  T  cells express enhanced IL-17A and IL-22 in 
response to IL - lp  and lL-23 in vitro

7 8  T  ce lls  have been prev iously  dem onstra ted  as capable o f 
expressing IL-17A directly in response to IL - ip  and IL-23 stimu
lation in vitro (27). Sim ilar to the splenocyte experiments described 
above, purified 7 8  T  cells from Tir8/Sigirr~^~ mice expressed en
hanced IL-17A when stimulated with IL-1(3 and IL-23 (Fig. 5A, 
5B). We also extended this analysis to examine other cytokines 
known to induce type 17 responses in T  cells. Purified W T 
and Tir8/Sigirr~^~ 7 8  T  cells were also stimulated with different 
combinations o f IL -1P, IL-23, IL-6 , and TG F-p or with the TLR7 
agonist immiquimod. However, only IL -lp  and IL-23 together 
were found to induce innate IL-17A expression even in the presence 
of TLR stimulated APCs (Fig. 5D, 5E). These data confirm the 
dependency of innate IL-17A from 7 8  T  cells on IL -lp  and IL-23 
and further confirms the ability o f TIR 8 /SIGIRR to regulate this 
signaling axis.

Enhanced severity o f  psoriasiform inflammation in TirS/
S ig irr '^ ” mice is dependent on IL-17A

Because we have identified a novel mechanism  through which 
T IR 8 /SIGIRR regulates innate IL-17A expression, we next sought 
to determ ine whether the observed exacerbation of psoriasiform 
derm atitis in Tir8/Sigirr~'~  m ice was m ediated by increased IL- 
17A expression. To achieve this, we used an IL-17A neutralization

Ab in the Aldara disease model. Sim ilar to our earlier observa
tions, Tir8/Sigirr~^~ mice treated with isotype control Ab dis
p layed enhanced disease characterized  by enhanced acantosis, 
desquamation, and infiltration of nucleated cells into the dermal 
layers when com pared with isotype control A b-treated W T mice. 
Strikingly, treatm ent o f TirS/Sigirr~'~  m ice with an anti-IL-17A  
neutralizing Ab reduced disease severity to levels comparable with 
those observed in W T m ice (Fig. 6 A, 6 8 ). T his reduction  in 
disease severity was evident from histological scoring performed 
on H & E -stained tissue sections from  d iseased skin and also 
through analysis o f epiderm al skin thickening in treated mice (Fig. 
6 C, 6 D). Taken together, these data confirm that the enhanced 
dermal inflammation observed in r/rS/5/g(>r-deficient mice is me
diated by dysregulated expression of IL-17A.

Discussion
Psoriasis is a com m on autoim mune disease o f  the skin which 
continues to pose a significant socioeconomic burden. Despite major 
advances in our understanding of the specific mechanisms that con
tribute toward disease pathogenesis significant questions rem ain to 
be answered (1). In recent tim es it has becom e evident that innate 
cell subsets provide a m ajor source o f IL -17A expression in settings 
o f  autoimmunity and host defense, particularly during the early 
stages o f the response (37). A number o f studies in murine models 
o f  psoriasiform inflammation have defined a role for innate cells

lO ng IL-23

FIG U RE 5. FACS purified 7 8  T  cells express 
enhanced IL-17A and IL-22 in response to IL -ip  
and IL-23 treatment. (A) FACS purified WT and 
Tir8/Sigirr~'~ 7 8  T  cells were innately stimulated 
with IL-23 (10 ng/ml) and increasing concen
trations of IL -lp  for 72 h before analysis of IL-17A 
expression by intracellular staining. Cell culture 
supernatants were also analyzed for expression of 
IL-17A (B) and IL-22 (C) after 72 h. Auto-MACS- 
purified 7 8  T cells were cultured in the absence (D) 
or presence (E) of TLR-activated APCs along with 
the indicated com binations o f cytokines for 72 h 
before analysis of the cell culture supernatants for 
1L-17A.
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W T IS O TIR8 -/- ISO W T IS O TIR8 -/- ISO

FIGURE 6. Enhanced Aldara-induced psoriasi
form inflammation in TirS/Sigirr^' mice is reversed 
by neutralization o f 1L-17A. (A) Representative 
H&E-stained skin sections of WT and Tir8/Sigirr~'~ 
mice treated with Aldara and either isotype control 
or anti-lL -17A  neutralization Ab, illustrating the 
reversal of increased epiderm al thickening and 
inflammatoiy cell infiltration with anti-IL-17A treat
ment (scale bar, 50 p.m). (B) Representative mac
roscopic pictures o f ears from treated mice. (C) 
Increased ear thickness from Tir8/Sigirr~'^ mice 
treated with Aldara is reversed by treatment with 
anti-IL-17A. (D) Combined histological scoring of 
the H&E-stained sections capturing scoring for 
acantosis, parakerato.sis, desquamation, and infiltra
tion. These data are representative of at least three 
independent experiments with similar results. Sta
tistical significance determined by unpaired Student 
t test; *p £  0.05, **p £  0.01, ***p s  0.001.
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governed by the IL-23/IL-17 signaling axis as central mediators of 
disease (9, 10, 33 ,36). However, specific pathways that regulate the 
responses o f these innate subsets remain to be identified. This study 
uncovers a novel role for the receptor TIR8/SIG1RR as a regulator 
o f  innate lL-17A -driven dermal inflammation in psoriasis, which 
further underscores its im portance as signaling  m ed ia to r with 
therapeutic potential for interventions focusing on IL -lR l and its 
interplay with the 1L-23/IL-17 signaling axis.

The role o f IL -IR I signaling has received renewed focus in the 
context o f psoriasiform inflammation as a consequence o f obser
vations implicating the IL-23AL-17 axis as a central mediator of 
disease (19). Interestingly mice deficient in IL -IR I antagonist, an 
endogenous suppressor o f IL -IR I signaling, develop spontaneous 
autoim m une inflam m ation in the skin (38). T his phenotype is 
strik ingly  sim ila r to  com m on m anifestations o f hum an psoriasis, 
with marked acantosis, hyperkeratosis, and a nucleated cell infil
trate. Furthermore these mice also display severe aortic inflamma
tion, a serious cardiovascular complication observed in some chronic 
psoriasis suffers (39). T hese observations h igh ligh t the im por
tance o f exam ining IL - lR l-m e d ia te d  inflam m ation in psoriasis 
and further highlight the potential importance o f T IR 8 /SIGIRR as 
a critica l signaling  m ediator in this context. T1R8/SIG IRR has 
been described as a negative regulator o f  inflammation in settings of 
fungal infection and murine autoimmunity (24, 40). However, these 
studies have not addressed the role o f  T IR 8 /SIGIRR in the regula
tion o f innate 1L-17A and how this may impact the progression of 
autoimmune pathology. We have demonstrated that Tir8/Sigirr~'~  
mice develop enhanced inflammation, displaying a num ber o f the 
histological characteristics o f human psoriasis upon topical appli
cation o f Aldara containing the TLR7 agonist imiquimod. Tir8/ 
Sigirr~'~  mice display enhanced acantosis, desquamation, infiltra
tion of nucleated cells, and also ear thickening compared with W T 
mice. This model has been described as IL-23 and IL-1 dependent, 
with innate 7 8  T  cells, expressing IL-17A, established as critical 
mediators o f disease pathogenesis. Protein expression levels o f IL- 
1P and IL-23 in the skin while upregulated in response to Aldara 
treatm ent were unaltered between W T and Tir8/Sigirr~'~  mice. This 
lack of difference in protein expression levels is suggestive o f a less

prominent role for dysregulated stromal cell or myeloid cell in
volvement in the progression o f demial inflammation in the absence 
o f T IR 8 /SIG IR R . Furtherm ore the overall h igher expression of 
TIR8/SIG1RR on 7 8  T  cells com pared with CD4 T  cells and skin 
underscores the importance T IR 8 /SIGIRR plays in the regulation 
of inflammation driven by these cells in such settings o f dermal in
flammation.

Exam ination o f the skin draining lymph nodes revealed signifi
cantly enhanced expression of IL-17A by 7 8  T  cells from TirS/ 
Sigirr~'~  mice. IL-22, another type 17 cytokine important for 
driving inflammation in the Aldara model (41), was unaltered be
tween W T and Tir8/Sigirr~'~ mice. Both IL -I7A  and IL-22 ex
pression were virtually undetectable from T  cells, which is in 
line with previous reports implicating 7 8  T  cells as the primary 
source o f IL-17A in this setting (9). The low expression of IL-22 in 
both W T and Tir8/Sigirr~'~ mice is somewhat surprising in par
ticular as it is clear from our in vivo and in vitro stimulation 
experiments that TIR8/SIG1RR activity can also inhibit IL -IR I 
driven IL-22 expression. However, the levels o f IL-22 detected 
in vitro are in the order o f 5- to 10-fold less than the levels of IL- 
17A detected, which may explain our failure to detect any such 
difference in the Aldara model. It is also noteworthy that non-T 
cells have prev iously  been im plicated  as im portan t sources o f 
IL -22 in this m odel (9, 41). Im iquim od stim u la tion  of TLR 7 on 
myeloid cells is thought to drive IL-23 expression in the Aldara- 
induced model o f psoriasiform inflammation (10, 28). TIR 8 /SIGIRR 
has also been described as a negative regulator o f TLR7 signaling 
(34, 35) and as such, the observed enhancem ent o f inflammation 
in Tir8/Sigirr~'~  mice, could be as a consequence o f this activity. 
Therefore, we also used an established model o f intraderm al in
jection  o f IL-23 to assess the im pact o f TIR 8 /SIG IR R  activity on 
derm al inflam m ation. In th is m odel, Tir8 /S ig irr~ '~  m ice also 
displayed an enhanced disease phenotype com pared with their W T 
counterparts confirming that T IR 8 /SIGIRR activity more broadly 
regulates derm al inflam m ation independently  o f  its ro le  as an 
inh ib ito r o f  T LR 7 signaling. The IL-23 m odel is also prim arily  
dependent on the direct stimulation o f proinflammatory T  cell sub
sets strongly indicating that TIR 8 /SIGIRR activity plays a prominent
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regulatory role on these cells in the context o f psoriasiform  in
flammation. In line with previous reports, we observed the V7 4  

subset o f -y8  T  cells as the primary source o f innate IL-17A ex
pression. Notably, these cells are also present in the inflamed skin 
in sign ifican tly  elevated  num bers. T IR 8 /S IG IR R  has previously 
been described as a negative regulator o f IL-1-driven proliferation 
o f T h l7  cells, which could account for this oKserved expansion of 
infiltrating cells (24). These elevated cell num bers could also be as 
a consequence  o f a feed-forw ard  m echanism  in w hat are re 
markably inflam ed tissues, which is facilitative o f further uncon
trolled infiltration o f proinflammatory cells. Interestingly, we have 
also d em onstra ted  that T IR 8 /S IG IR R  can d irectly  negatively 
regu late  innate  IL -l-d r iv e n  IL-17A  expression in vivo w ithout 
altering expansion. As well as 7 8  T cells we have also identified 
CD4'^ T  cells and a population of CD45*CD3~ non-T  cells as 
sources o f  elevated IL-17A in the inflamed skin o f Tir8/Sigirr~'~  
mice. T hese cells have also been identified in a num ber o f similar 
.studies as sources o f IL-17A in this setting (9). However their 
relative contribution toward disease progression especially given 
their low' num bers w arrants fu rth er investigation . T hese data 
confirm dysregulated activity in dermal infiltrating hematopoietic 
cells in the absence of T IR 8 /SIGIRR activity and identify a novel 
role for T IR 8 /SIGIRR as a suppressive signaling m ediator o f the 
innate arm  of the IL-23/IL-I7 pathway. We have also dem on
strated enhanced expression o f IL-17A, lL-22 and IL-17A/F but 
not IL-17F from Tir8/Sigirr~'^  splenocytes in vitro and in vivo in 
an IL-1 dependant manner. This enhanced expression appears to 
be dependent on dysregulated mTOR activity, in agreement with 
a previous report describing the role T1R8/SIG1RR plays in the 
regulation o f IL -lR l m ediated mTOR activity (24). Despite the 
unaltered expression of IL-23 and IL - lp  in the inflamed skin of 
W T and Tir8/Sigirr~'~  mice, the enhanced sensitivity o f the Tir8/ 
Sigirr~ '~  cells to IL -lR l stimulation coupled with the established 
role aberrant IL -lR l signaling plays in the progression of dermal 
inflam mation provides a potential mechanistic explanation for the 
enhanced disease observed in these mice.

IL-17A expression is established as a key cytokine driving in
flammation in humans and murine models o f psoriasis (7). Tir8/ 
Sigirr~'~  m ice display an enhanced psoriatic disease phenotype 
associated with enhanced IL-17A expression from 7 8  T  cells in 
both the skin draining lymph nodes and tis.sue-infiltrating immune 
cells. Treatm ent o f Tir8/Sigirr~'~  mice with an IL-17A neutrali
zation Ab reverses the enhanced disease to levels observed in WT 
mice. These observations in Tir8/Sigirr~'~ mice are broadly in line 
with observations in the clinic where neutralization o f elevated IL- 
17A in human patients results in amelioration of disease symptoms 
(12). Interestingly in this study, W T mice treated with anti-IL-17A 
displayed a mild but not significant reduction in disease severity 
after histological examination (Fig. 5D). This lack o f efficacy in 
W T mice is potentially explained by compensatory mechanisms 
associated with other proinflammatory IL-17 family members such 
as IL-17C, which is significantly upregulated in psoriatic plaques 
and utilizes IL-17A receptor for its signaling activities (42). Also 
pathways independent o f IL-17A and IL-17 receptor A have re
cently been identified as playing an important role in the progres
sion o f Aldara- induced disease in W T mice (43). Because anti-IL- 
17A is demonstrating considerable promise in clinical trials among 
psoriasis patients, and decreased TIR8 /SIGIRR expression/activity 
has previously been reported in PBMCs of psoriatic patients, these 
data identify an important mechanism that may have direct rele
vance in human disease. These observations also highlight the re
quirem ent for greater understanding o f the m olecular and cellular 
m echanisms at play in such settings.

Taken together, to our knowledge, this study has for the first 
time identified TIR 8 /SIGIRR as a central regulator o f  innate type 
17 responses with particular significance in the context o f psor
iasiform inflammation where its role as a critical m ediator of IL- 
IR l signaling identifies it as a potential target for future thera
peutic interventions.

Disclosures
The authors have no  financial conflicts o f interest.

References
1. P erera, G . K., P. D i M eglio, and F. O. N estle. 2012. P soriasis. Annu. Rev. Pathol. 

7: 3 8 5 ^ 2 2 .
2. Schon, M . P., and W. H. B oehncke. 2005. Psoriasis. N. Engl. J. M ed. 352: 18 9 9 - 

1912.
3. Low es. M . A., A. M. B ow cock, and J. G . Krueger. 2007. P athogenesis and 

therapy  o f  psoriasis. N ature  445: 8 6 6 -8 7 3 .
4. E llis, C . N ., D. C . G orsulow sky, T. A. H am ilton , J. K. B illings, M . D. B row n, 

J. T. H ead ing ton , K. D. C ooper, O. B aadsgaard , E. A. D uell, T. M . A nnesley, 
et al. 1986. C yclosporine im proves p so riasis  in a d o ub le-b lind  study. JA M A  256: 
3 1 1 0 -3 1 1 6 .

5. N ickoloff, B. J ., and F. O. N estle. 2004. R ecent insigh ts in to  the im m unopa- 
thogenesis o f  psoriasis provide new therapeutic  opportun ities. J. Clin. Invest. 
113: 1664-1675 .

6 . N estle, F. O ., and C. C onrad . 2004. T he lL -12  fam ily  m em b er p40 chain  as 
a m aster sw itch  and novel therapeu tic  target in psoriasis. J. Invest. D erm atol. 
123: x iv -x v .

7. B lauvelt, A . 2008. T-helper 17 ce lls  in pso ria tic  p laques and add itional genetic  
links be tw een  IL-23 and psoriasis. J. Invest. D erm atol. 128: 1064-1067.

8 . W ilson, N . J., K. B oniface, J. R. C han , B. S. M cK enzie, W. M . B lum enschein , 
J. D. M attson , B. B asham , K. S m ith , T. C hen, F. M orel, et al. 2007. D evelop
m ent. cy to k in e  profile and function  o f  hum an in terleuk in  17-producing helper 
T  cells. N at. Im m unol. 8 : 95 0 -9 5 7 .

9. P an telyush in , S., S. Haak, B. Ingold, P  K ulig. F. L. H eppner, A. A. N avarini, and 
B. B echer. 2012. Ror7 t+  innate ly m phocy tes and 7 S T  ce lls  in itia te  psoriasiform  
plaque fo rm ation  in m ice. J. C lin. Invest. 122: 2 2 5 2 -2 2 5 6 .

10. C ai, Y„ X. Shen, C. D ing. C . Q i, K. Li, X. Li, V. R. Jala, H. G. Z hang . T. W ang, 
J. Z heng , and J. Yan. 2011. P ivotal ro le  o f  d erm al IL -17-p roducing  7 8  T  cells  in 
skin inflam m ation . Im m unity  35: 59 6 -6 1 0 .

11. Papp. K. A ., C . Leonardi, A. M enter, J. P. O rtonne, J. G . K rueger, G . K ricorian . 
G. A ras, J. Li, C. B. Russell, E. H. T hom pson , and S. B au m g artn e r 2012. 
B rodalum ab , an an ti-in te rleu k in -1 7 -recep to r an tibody  for psoriasis. N. Engl. J. 
M ed. 366: 1181-1189 .

12. L e o n a rd i, C ., R . M a th eso n , C . Z a c h a ria e , G . C a m e ro n , L. Li, E. E dso n - 
H e re d ia , D . B rau n , an d  S. B an e rjee . 2 0 1 2 . A n ti- in te r le u k in -1 7  m o n o clo n a l 
an tib o d y  ix ek iz u m a b  in c h ro n ic  p laq u e  p so ria s is . N. E ng l. J. M ed . 366: 1 1 9 0 - 
1199.

13. Cua, D. J., J. Sherlock, Y. C hen , C. A. M urphy, B. Joyce, B. Seym our, L. Lucian, 
W. To, S. K w an, T. Churakova, e t al. 2003. Interleukin-23 rather than interleukin- 
12 is  th e  c r i t ic a l  c y to k in e  fo r  a u to im m u n e  in fla m m a tio n  o f  th e  b ra in . N a tu re  
42 1 : 7 4 4 -7 4 8 .

14. L angrish , C . L., Y. C hen, W. M . B lum enschein , J. M attson, B. B asham , 
J. D . Sedgw ick , T. M cC lanahan , R. A. K astelein , and D. J. C ua. 2005. IL-23 
drives a p a thogen ic  T  cell p opu lation  that induces au to im m une inflam m ation . J. 
Exp. M ed. 201: 23 3 -2 4 0 .

15. L eonardi, C . L., A. B. K im ball, K. A. Papp, N. Y eilding, C. G uzzo, Y. W ang, 
S. Li, L. T. D ooley, and K. B. G ordon ; PH O EN IX  1 study  investigators. 2008. 
E fficacy and safety o f  ustek inum ab , a hum an in te rleu k in -12/23 m onoclonal 
antibody, in p a tien ts  w ith psoriasis: 76 -w eek  resu lts  from  a  random ised , do u b le
blind, p laceb o -co n tro lled  trial (P H O E N IX  1). L ancet 371: 1665-1674.

16. D in a re l lo ,  C . A . 2 0 0 9 . Im m u n o lo g ic a l and  in fla m m a to ry  fu n c tio n s  o f  the 
in te r le u k in - 1 fam ily . A n n u . Rev. Im m u n o l.  27 : 5 1 9 -5 5 0 .

17. D ebets, R .. J. P. H egm ans, P. C roughs. R. J. T roost, J. B. P rins, R. B enner, and 
E. P. P rens. 1997. The IL-1 system  in psoria tic  skin: IL-1 an tagon ist sphere  o f 
influence in lesional p so ria tic  ep iderm is. J. Im m unol. 158: 2 9 5 5 -2 9 6 3 .

18. M ee, J. B., M . J. C ork , F. S. di G iov ine, G . W. Duff, and  R. W. G roves. 2006. 
In te rleu k in -1: a  key  inflam m atory  m ed ia to r in p so riasis?  C ytokine  33: 7 2 -7 8 .

19. U ribe-H erranz, M ., L. H. L ian, K. M . H ooper, K. A. M ilo ra, and L. E. Jensen. 
2013. I L - lR l  signaling  facilitates M u n ro ’s m icroabscess fo rm ation  in pso rias i
form  im iqu im od-induced  skin inflam m ation . J. Invest. D erm ato l. 133: 1 5 4 1 - 
1549.

20. W ald, D ., J. Q in, Z . Z hao , Y. Q ian , M . N aram ura, L. T ian, J. Tow ne, J. E. Sim s, 
G. R. S tark , and X. Li. 2003. SIG IR R . a negative reg u la to r  o f  Toll-like  receptor- 
in te rleuk in  1 recep to r signaling . Nat. Im m unol. 4: 9 2 0 -9 2 7 .

21. Riva, F., E. B onavita. E. B arbati, M . M uzio, A. M antovani, and C. G arlanda. 
2 012. T IR 8 /S IG IR R  is an in terleuk in -1  recep to r/T o ll like  rec e p to r fam ily  m em 
b er w ith  reg u la to ry  fu n c tio n s  in in flam m atio n  and  im m unity . Front. Im m uno l. 
3: 322.

22. Q in, J., Y. Q ian . J. Yao, C. G race, and X . Li. 2005. S IG IR R  inh ib its  in te rleu k in -1 
recep to r- and  Toll-like recep to r 4-m ed iated  s ignaling  through d ifferen t m echa
nism s. J. B iol. Chem. 280: 2 5 2 3 3 -2 5 2 4 1 .

D
ow

nloaded 
from 

http://w
w

w
.jim

m
unol.org' at U

niversity 
C

ollege 
D

ublin 
on 

M
arch 

14, 2014



3346 SIGIRR REGULATES DERMAL INFLAMMATION

23. Thomassen, E., B. R. Renshaw, and J. E. Sims. 1999. Identification and char
acterization of SlGlRR, a molecule representing a novel subtype of the IL-IR 
superfamily. Cytokine 11: 389-399.

24. Gulen, M. F., Z. Kang, K. Bulek, W. Youzhong, T. W. Kim. Y. Chen, 
C. Z. Altuntas, K. Sass Bak-Jensen, M. J. McGeachy, J. S. Do. et al. 2010. The 
receptor SIGIRR suppresses Thl7 cell proliferation via inhibition of the interleukin-1 
receptor pathway and mTOR kinase activation. Immunity 32: 54-66.

25. Batliwalla. F. M., W. Li, C. T. Ritchlin, X. Xiao. M. Brenner, T. Laragione, 
T. Shao, R. Durham, S. Kemshetti, E. Schwarz, et al. 2005. Microarray analyses 
of peripheral blood cells identifies unique gene expression signature in psoriatic 
arthritis. Mol. Med. 11: 21-29.

26. Russell, S. E., and R T. Walsh. 2012. Sterile inflammation—do innate lymphoid 
cell subsets play a role? Front Immunol 3: 246.

27. Sutton. C. E., S. J. Lalor, C. M. Sweeney, C. F. Brereton. E. C. Lavelle, and 
K. H. Mills. 2009. Interleukin-1 and IL-23 induce innate IL-I7 production from 
gammadelta T cells, amplifying Thl7 responses and autoimmunity. Immunity 
31: 331-341.

28. van der Fits. L., S. Mounts, J. S. Voerman, M. Kant, L. Boon, J. D. Laman, 
F. Comelissen, A. M. Mus, E. Florencia, E. R Prens, and E. Lubberts. 2009. 
Imiquimod-induced psoriasis-like skin inflammation in mice is mediated via the 
IL-23/IL-17 axis. J. Immunol. 182: 5836-5845.

29. Szeimies, R. M., M. J. Gerritsen, G. Gupta, J. P. Ortonne, S. Serresi. J. Bichel. 
J. H. Lee. T. L. Fox, and A. Alomar. 2004. Imiquimod 5% cream for the treatment 
of actinic keratosis: results from a phase III, randomized, double-blind, vehicle- 
controlled, clinical trial with histology. J. Am. Acad. Dermatol. 51: 547-555.

30. Geisse, J. K.. P. Rich. A. Pandya, K. Gross, K. Andres, A. Ginkel. and 
M. Owens. 2002. Imiquimod 5% cream for the treatment of superficial basal cell 
carcinoma: a double-blind, randomized, vehicle-controlled study. J. Am. Acad. 
Dermatol. 47: 390-398.

31- Gilliet, M., C. Conrad, M. Geiges, A. Cozzio. W. Thiirlimann. G. Burg,
F. O. Nestle, and R. Dummer. 2004. Psoriasis triggered by toll-like receptor 7 
agonist imiquimod in the presence of dermal plasmacytoid dendritic cell pre
cursors. Arch. Dermatol. 140: 1490-1495.

32. Wu, J. K-, G. Siller, and G. Strutton. 2004. Psoriasis induced by topical imi
quimod. Australas. J. Dermatol. 45: 47-50.

33. Hedrick, M. N., A. S. Lonsdorf, A. K. Shirakawa, C. C. Richard Lee, F  Liao, 
S. P Singh. H. H. Zhang, A. Grinberg, P. E. Love, S. T. Hwang, and J. M. Farber.

2009. CCR6 is required for IL-23-induced psoriasis-like inflammation in mice. J. 
Clin. Invest. 119: 2317-2329.

34. Lech. M., V. Skuginna. O. P. Kulkami, J. Gong. T. Wei, R. W. Stark, 
C. Garlanda, A. Mantovani, and H. J. Anders. 2010. Lack of SIGIRR/TIR8 
aggravates hydrocarbon oil-induced lupus nephritis. J. Pathol. 220: 596-607.

35. Gong. J., T. Wei, R. W. Stark, F. Jamitzky. W. M. Heckl, H. J. Anders, M. Lech, 
and S. C. Rossle. 2010. Inhibition of Toll-like receptors TLR4 and 7 signaling 
pathways by SIGIRR: a computational approach. J. Struct. Biol. 169: 323- 
330.

36. Mabuchi, T , T. Takekoshi. and S. T. Hwang. 2011. Epidermal CCR6'*̂ 7 S T cells 
are major producers of IL-22 and IL-17 in a murine model of psoriasiform 
dermatitis. J. Immunol. 187: 5026-5031.

37. Cua, D. J., and C. M. Tato. 2010. Innate IL-17-producing cells: the sentinels of 
the immune system. Nat. Rev. Immunol. 10: 479-489.

38. Shepherd, J., M. C. Little, and M. J. Nicklin. 2004. Psoriasis-like cutaneous 
inflammation in mice lacking interleukin-1 receptor antagonist. J. Invest. Der
matol. 122: 665-669.

39. Wang, Y., H. Gao. C. M. Loyd, W. Fu, D. Diaconu. S. Liu, K. D. Cooper, 
T. S. McCormick, D. 1. Simon, and N. L. Ward. 2012. Chronic skin-specific 
inflammation promotes vascular inflammation and thrombosis. J. Invest. Der
matol. 132: 2067-2075.

40. Bozza, S., T. Zelante. S. Moretti, P. Bonifazi. A. DeLuca, C. D’Angelo,
G. Giovannini, C. Garlanda, L. Boon, F. Bistoni, et al. 2008. Lack of Toll IL-1R8 
exacerbates Thl7  cell responses in fungal infection. J. Immunol. 180: 4022- 
4031.

41. Van Belle, A. B., M. de Heusch, M. M. Lemaire, E. Hendrickx, G. Warnier, 
K. Dunussi-Joannopoulos, L. A. Fouser, J. C. Renauld, and L. Dumoutier. 2012. 
IL-22 is required for imiquimod-induced psoriasiform skin inflammation in 
mice. J. Immunol. 188: 462-469.

42. Johnston, A., Y. Fritz. S. M. Dawes, D. Diaconu, P. M. Al-Attar. A. M. Guzman, 
C. S. Chen, W. Fu, J. E. Gudjonsson, T  S. McCormick, and N. L. Ward. 2013. 
Keratinocyte overexpression of IL-17C promotes psoriasiform skin inflamma
tion. J. Immunol. 190: 2252-2262.

43- El Malki, K.. S. H. Karbach, J. Huppert, M. Zayoud, S. Reissig, R. Schuler, 
A. Nikolaev, K. Karram, T. Miinzel, C. R. Kuhlmann, el al. 2013. An alternative 
pathway of imiquimod-induced psoriasis-like skin inflammation in the absence 
of interleukin-17 receptor a signaling. J. Invest. Dermatol. 133: 441-451.



OPEN 3  ACCESS Freely available online PLOSI

Soluble IL-2Ra (sCD25) Exacerbates Autoimmunity and 
Enhances the Development of Th17 Responses in Mice
Shane E. Russell’ ’ ,̂ Anne C. Moore^, Padraic G. Fallon’ ' ,̂ Patrick T. Walsh’ ’ *̂
1 Department o f Clinical Medicine, School o f Medicine, Trinity College Dublin, Dublin, Ireland, 2  National Children's Research Centre, Our Lady's Children's Hospital, 

Crumlin, Dublin, Ireland, 3 School o f Pharmacy, University College Cork, Cork, Ireland

Abstract
A strong association exists between mutations at the IL2 receptor alpha chain (CD25) gene locus and susceptibility to  
a num ber of T cell driven autoim m une diseases. Interestingly, the presence of certain CD25 susceptibility alleles has been 
correlated with significantly increased levels of the soluble form o f CD25 (sCD25) In the serum of patients. However, the 
functional consequences, if any, of this observation are unknown. We have demonstrated that elevated levels of sCD25 in 
vivo resulted in exacerbated experimental autoimm une encephalomyelitis (EAE) and enhanced antigen-specific Th17 
responses in the periphery. sCD25 exerted its effects early during the Th17 developmental programm e in vitro, through 
inhibiting signalling downstream of the IL-2R. Although, sCD25 did not interact with the T cell surface, it specifically bound 
to secreted IL-2 demonstrating its ability to  act as a decoy receptor for IL-2 in the T cell microenvironment. These data 
identify the ability of sCD25 to prom ote autoim m une disease pathogenesis and enhance Th17 responses through its ability 
to sequester local IL-2.

C itation: Russell SE, Moore AC, Fallon PG, Walsh PT (2012) Soluble IL-2Ra (sCD25) Exacerbates A u to im m unity and Enhances the Development o f Thl 7 Responses 
in Mice. PLoS ONE 7(10): e47748. doi;10.1371/journal.pone.0047748

Editor: Massimo Pietropaolo, University o f Michigan Medical School, United States o f America 

Received June 26, 2012; Accepted September 17, 2012; Published October 15, 2012

Copyright: © 2012 Russell et al. This is an open-access article distributed under the terms o f the Creative Commons Attribution License, which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding; This work was supported by funding from Science Foundation Ireland (PIYRA award 10/YI/81827) and a Marie Curie Reintegration fellowship (PirgOS- 
GA-2009-246738) and the National Childrens Research Centre (PRiTI programme). The funders had no role in study design, data collection and analysis, decision to 
publish, or preparation o f the manuscript.

C om peting  interests: The authors have declared that no com peting interests exist.

* E-mail: walshp10<?*tcd.ie

introduction

The p r im a ry  non-redundant function o f  in terleukin-2 (IIj-2 ) is 
as a m ediator o f  peripheral T  cell tolerance [1]. As well as the 
maintenance o f  peripheral tolerance, IL -2  has also been somewhat 
paradoxica lly described play an im po rtan t role in d riv in g  the 
pro life ra tive response o f  activated T  cells and as a critica l factor in 
the generation o f  an appropriate m em ory T  cell response [2]. IL -2  
exerts these p le io trop ic  effects through interacting w ith  the 
he tero trim eric IL -2  receptor (IL -2R ) com plex comprised o f 
a  (CD25), p (C D  122) and com m on y  (C D  132) chains expressed 
on the surface o f  activated T  cells [3]. The critica l role fo r IL -2  in 
the maintenance o f T  cell tolerance is evident from  studies on 
transgenic m ice deficient fo r either the cytokine itse lf o r its 
receptor [4,5]. These mice develop pro found au to im m unity  
characterized by  an uncontro lled expansion o f  auto-reactive T  
cells. Further analysis has revealed the mechanisuc basis fo r these 
observations, and uncovered the critica l role o f  IL -2 R  signalling in 
m a in ta in ing  the com petitive fitness o f peripheral regulatory T  cells 
(Tregs) [6 ], and in  the d irect in h ib itio n  o f  T h  17 cell responses [7 -  
9]. These observations are fu rthe r underscored by the strong 
genetic linkage between mutations at both the IL-2  and 1L2RA/ 
CD25  gene loci and several T  cell mediated auto im m une diseases 
in  humans [10]. However, precisely how  such polym orphisms 
confer susceptibility to au to im m unity  remains incom plete ly un
derstood.

A  num ber o f  specific CD25 alleles associated w ith  autoim m une 
susceptibility occur in association w ith  enhanced levels o f  the 
soluble form  o f  the IL -2 R  alpha chain (sCD25) in the serum o f

patients [10,11]. However, the functiona l consequences o f  these 
observations are unknown. Num erous examples o f  soluble 
cytokine receptors have been described to exert im m unom odu la
to ry cfTects in vivo. These range from  antagonistic ( IL - IR I I )  o r 
agonistic (IL -6R ) effects on receptor signalling, to acting as ligand 
chaperones o r carrier proteins ( IL - IR )  [12]. A lthough there have 
been several descriptions o f  sCD25 acting as an in h ib ito r o f  IL -2  
induced T  cell responses in vitro [10,13], w hether i t  plays a s im ila r 
role in vivo has not been determ ined. sCD25 is known to be 
generated as a result o f  pro teo ly tic  cleavage, largely from  the 
surface o f  activated T  cells and levels o f C D 25 ‘shedding’ are 
d irectly  related to the rate o f  p ro life ra tion  o f  activated T  cells [14]. 
The levels o f  systemic sCD25 in the steady state are known to be 
rem arkably stable and as a consequence sCD25 has been used 
extensively as a b iom arker reflecting in flam m ato ry  diseases and 
tum ours characterized by T  cell expansion [14]. However, 
w hether these increased levels o f  sCD25 play any d irect role in  
m odula ting disease has no t been fu lly  investigated.

In  this study we demonstrate fo r the firs t tim e that sCD25 
exacerbates experim ental au toim m une encephalomyelitis (EAE). 
These effects are associated w ith  the enhanced generation o f  T h l  7 
type responses in the periphery and increased in filtra tio n  o f  both 
CD4-I- T h l  and T h l 7 cell subsets in to  the central nervous system 
(CNS). S im ila r to m onoclonal an tibody mediated IL -2  neutra li
zation, sCD25 also enhances T h l 7 responses in vitro and acts early 
du ring  the T h l 7 developmental program m e by in h ib itin g  
signalling downstream o f  the IL -2 R  through its ab ility  to sequester 
local IL -2 . These data iden tify  a previously unappreciated ro le fo r 
sCD25 in the pathogenesis o f  au toim m une disease.
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Materials and M ethods

Mice
Female C57BL/6J mice (Charles River, Ireland) and IL- 

17AeGFP mice, on a C57BL/6 background, (Biocytogen, 
Worcester, MA, USA) aged between 6-8  weeks were utilised in 
experiments. Mice were housed under SPF conditions at the 
Institute for Molecular Medicine, St. Jam es Hospital Dublin. All 
animal experiments were performed in compliance with Irish 
Department o f Health regulations (license num ber BlOO/4272) 
and approved by the institutional ethical review board.

Materials
ELISA kits for mouse IL-17A, IFNy, IL-2 and IL-22 were 

purchased from ebioscience (Hatfield UK). ELISA kit for sCD25 
was purchased from R&D systems (Abingdon, UK) Recombinant 
murine sCD25His was purchased from R&D systems. Endotoxin 
levels in sCD25 were determined by LAL assay and found to be 
lower than 0.05 E U /^g  of protein. These levels were found to 
exert no detectable levels of immune stimulation on primary 
macrophages in vitro. All antibodies used in this study from 
ebioscience unless otherwise stated. Recombinant mouse IL-6 was 
purchased from Becton Dickinson (Oxford, UK), IL-12p70 and 
TGFp from ebioscience. Anti-IL-2 neutralizing antibody (JES6- 
1A12) was purchased from ebioscience.

Flow C ytom etry
Cells were analysed for surface and intracellular protein 

expression using an LSR/Fortessa (BD). For intracellular staining, 
cells were stim ulated with P^^A 10 n g /m l and ionom ycin 1 |Xg/ml 
for 6 h in the presence of Brefeldin A (Sigma) 5 |J.g/ml for the final 
4 hrs. Fixation and permeabilisation was performed using F IX / 
PERM  Kit (Dako) according to m anufacturer’s instructions. 
Intracellular staining was performed for IL-17A (17B7), IL-17F 
(eBiolSFlO), IFN-y (XMG 1.2) and FoxP3 (FJK-16s) and R O R yT  
(AFKJS-9) (ebioscience, UK). pSTAT5 (pY694) and pSTATS 
(pY70.5) staining was performed with Phosflow kit according to the 
manufacturer’s instructions (Becton Dickinson, UK). Surface 
staining was performed for CD4 and CCR6. Cell surface staining 
for sCD25 was performed using anti-HIS (GGl 1-8F3.5.1) 
(Miltenyi Biotec).

EAE Induction and sCD25 trea tm en t
EAE was induced according to manufacturer’s instructions 

using active EAE induction kit EK-0113 (Hooke Labs MA. 
U.S. A). Mice were monitored daily for signs of disease with disease 
severity recorded as follows 0. Normal, 1. Limp tail, 2. Wobbly 
gait, 3. Severe hind limb weakness 4. Complete hind limb paralysis 
5. Moribund or death. Recombinant sCD25 was administered 
immediately prior to immunizadon and every 12 hours thereafter 
for the first 3 days. Control mice were treated with PBS.

T cell isolation and differentiation
Naive CD4+CD62L+T cells from spleens of 8 week old mice 

were purified by magnetic bead separation (Miltenyi Biotec). Cells 
were activated with plate bound anti-CD3 ()45 -2C ll) and anti- 
CD28 (37.51) both 5 (ig/m l. For T h l7  differendation cells were 
cultured in the presence of TGF-p 5ng/m l, IL-6 10 ng/m l, anti- 
IFN-y 10 |ig /m l (XMG 1.2) and anti-IL-4 10 |ig /m l (1 IBl 1). For 
T h l differentiation cells were cultured with IL-12 10 ng /m l and 
anti-IL-4 10 |Xg/ml. iTreg cells were induced in the presence of 
TGF-p 5 ng/m l and rIL-2 (10 U/m l). After 72-96 hours super
natants were analysed by ELISA and cells were examined for

intracellular cytokine/transcription factor expression by flow 
cytometiy.

Results

sCD25 leads to  exacerbated  au to im m u n e  d isease and 
increased antigen-specific peripheral Thl 7 responses

Specific alleles at the CD25 gene locus, known to be associated 
widi susceptibility to autoimmune diseases such as Multiple 
Sclerosis (MS), lead to increased levels of soluble CD25 in 
patient’s serum [10]. Although such observations implicate sCD25 
as having an important mechanistic role in disease pathogenesis, it 
is not clear how sCD25 may contribute to a loss of self tolerance. 
To determine what role, if any, sCD25 may play in autoimmunity 
we induced experimental autoimmune encephalomyelitis (EAE), 
a mouse model of MS, in the presence of exogenous recombinant 
sCD25 administered immediately prior to, and during the first 
3 days after immunization. Increased levels o f sCD25 during the 
early stages o f antigen-specific T  cell priming led to a significant 
exacerbation of disease symptoms during the onset and induction 
phase of the disease from day 10 through to the peak of disease 
after 18 days (P>0.01) (Fig. lA). T o examine the cells infiltrating 
into the CNS during EAE, IL-17-eGFP reporter mice were 
immunized with M O G , in the presence or absence of sCD25, and 
the expression of IL -17A or IFNy was assessed at 15 days after 
inducuon of EAE. Although the relative percentages of infiltrating 
T h l versus T h l 7 type cells was not altered (Fig. IB), administra
tion of sCD25 resulted in significandy increased numbers of both 
subsets in the spinal cords of treated mice at day 15 during disease 
induction (Fig. 1C). We also examined the effects of sCD25 
administration on the generation of peripheral antigen specific T  
cell responses in vivo. Significandy, increased levels of sCD25 were 
found to result in increased antigen-specific T  cell expression of 
IL-17A upon M O G  antigen restimulation ex vivo 1 days after 
immunizadon (p>0.05) (Fig. 2A &B). Expression of IFNy was not 
significandy affected (Fig. 2A). Furthermore, administration of 
sCD25 did not affect the levels or relative numbers of 
CD4+Foxp3-l- regulatory T  cells in immunized mice after 7 days, 
indicating that increased severity of EAE did not occur in 
association with any effects on Treg homeostasis (Fig. 2C&D). 
Together these data demonstrate that increased levels of sCD25 in 
vivo led to increased severity o f EAE that occurs in associauon with 
enhanced generation of antigen specific T h l 7 responses in the 
periphery and increased numbers o f both o f CD4+ T h l and T h l 7 
cell subsets in the CNS. These observations are consistent %vith 
previous reports which demonstrate that administration of an anti- 
IL-2 neutralizing antibody leads to the spontaneous development 
of EAE-like symptoms in mice and also that treatment with 
recombinant IL-2 during the early stages of disease can offer 
significant protection from EAE [15—16].

sCD25 enhances th e  d ev e lo p m en t o f Thl 7 cell responses
Conflicting studies have demonstrated both antagonistic and 

agonistic roles for sCD25 in the context o f IL-2R signalling 
indicaung that sCD25 could either promote or inhibit Treg 
responses and inhibit IL-2 mediated activation induced cell death 
in vitro [10] [17]. As sCD25 enhances the generation of peripheral 
autoimmune antigen-specific T h l7 responses in vivo, we sought to 
determine how sCD25 might regulate these events by investigating 
the effects of sCD25 on the generation of T h l7 , T h l and Treg 
responses in vitro.

sCD25 significantly enhanced the generation of T h l7 type 
responses after 96 hours in vitro in a dose dependant m anner and 
to a similar extent to an anti-IL-2 neutralizing antibody
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Figure 1. Exogenous sCD25 exacerbates autoim m unity. (A) MOG3 3 - 5 S im m unized C57BL/6 mice developed  clinical sym ptom s o f EAE from 
day 12 after im m unization with a peak  of disease severity observed from day 19. Subcutaneous adm inistration of recom binant sCD25 (25 |jg /m ouse) 
im m ediately prior to  im m unization and  every 12 hours thereafte r for 72 hrs resulted in a significant exacerbation in severity of sym ptom s during 
disease onset and induction. 6 -7  mice used per group. (B) M ononuclear cells harvested from spinal cords of control (PBS) and  sCD25 trea ted  IL-17A- 
eGFP reporter mice (3 per group) on  day 15 after im m unization and  analysed for expression of IL-17 and  IFN-y by CD4+ cells. (C) Cell num bers of 
CD4+IL-17+ and CD4+ IFNy+ cells in spinal cords o f IL-17A-eGFP reporter mice a t day 15. Data representative of m ean + / -  std  dev  o f 3 mice per 
g roup  and 2  in d ep en d en t experim ents. 
doi:l 0,1371 /journal,pone.0047748.g001

(Figure 3A). In contrast, no effects o f  sC D 25 were observed on die 
generation o f  either T h l  o r  inducible T reg  subsets (Figure 3 A, B 
& C). .\s  T h l 7 cells are considered critical in driving the 
pathogenesis o f EAE, these data  are consistent w ith o u r earlier in 
vivo data (Figure 1). W e also exam ined w hat influence sCD25 m ay 
have on T h l 7 cell proliferation and survival as TL-2 is a  well 
established T  cell grow th factor and we observed an increase in the 
overall num bers o f  infiltrating C D 4+  T  cells in the spinal cords o f 
treated  mice (Figure 1C), A lthough sC D 25 resulted in an increase 
in the proportion o f  cells expressing IL-17A, it d id  no t affect either 
the rate o f cell division as determ ined by levels o f  C FSE  dilution, 
o r  levels o f survival/cell death , as m easured by incorporation  o f 7-

■AAD, under these conditions (Figure 3D). H ow ever, consistent 
with the enhanced generation  o f  a  T h l 7 response, we also 
observed increased levels o f  phosphorylation o f  STA TS 
(Figure 3E). sC D 25 also led to a m arginal bu t reproducible 
increased expression o f  both  IL-17F and  the T h l 7 associated 
chem okine receptor C C R 6 , while levels o f  11,-22 expression were 
not affected (data no t shown). T hese d a ta  clearly dem onstrate that 
sCD25 can enhance T h l 7 cell developm ent in vitro and suggest 
a m echanism  through  which sC D 25 m ay increase au to im m une 
disease severity.

PLOS ONE I w w w .plosone.org 3 O ctober 2012 | Volume 7 | Issue 10 | e47748



sCD25 Enhances T h l7  Responses

A.

^  1000 
Bi
S  1000
K
d  900 

0 t
MOG3 5 .JJ lO^g/ml

i
□  PBS

■  SC025

M0 G]5^ , lOpg/ml

B.
SC025

II- 17cGFP

P«-C»yA

C.

a.X
o

PBS

13.6

SCD25 0.20
o»
>
CO 0.16a.X
i2 0.10 
+

s S o . ,
O 0 OS

•«

locn moo

PBS SCD25

CD4
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ratios o f CD4+FoxP3+:CD4+FoxP3- T cells in th e  draining lymph nodes o f bo th  sCD25 and control trea ted  im m unized mice. 3 mice per g roup  w ere 
analysed. Data in D & G is representative o f m ean + /— standard  deviation. Statistical Significance de term ined  by unpaired stu d en t 's  t-test, * psO .05, 
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doi:l 0.1371/journal.pone.0047748.g002

sCD25 inhibits  IL-2R signalling o n  T h17 cells th r o u g h  
s e q u e s te r in g  extracellu lar  IL-2

Recent reports have demonstrated that CD4-I- FoxP3+ve Tregs 
can enhance the generation of Th 17 type responses early during 
the developmental programme by limiting the bioavailability of 
IL-2 through constitutive expression of CD25 on their cell surface 
[18,19]. Given these observations, we investigated whether sCD25 
could act in a similar way. Strikingly, the presence of sCD25 led to 
a significant enhancement of IL -17A (11 % vs 2%) expression early 
during T h  17 cell differentiation (48 hours) indicating that sCD25 
also mediated its effects early during Th 17 development 
(Figure 4A). Consistent with this observation, sCD25 also led to

increased expression of the T h l7  instructive transcription factor 
R O R 7T  (Figure 4B).

As the effects of sCD25 were similar to those observed for IL-2 
neutralization [9], we examined whether signalling downstream of 
the IL-2R was affected in these cells. IL-2 is expressed early during 
the first 24 hours after TC R  stimulation of CD44- T  cells and 
activation ofJak3-STAT5 dependent signal pathways in T  cells 
during this time is considered to be largely driven by the autocrine 
effects IL-2. sCD25 significantly decreased levels of STATS 
activation in T h l7  cells demonstrating its ability to inhibit 
signalling downstream of the IL-2R (Figure 5A), IL-2 dependent 
activation of STAT5 signalling is known to directly inhibit early
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Figure 3. sCD25 enhances Th17 cell responses in vitro. (A&B) Purified naive CD4+ T cells were activated under either Thl7 or Thl inducing 
conditions (as described in nnethods) in the presence of a range of concentrations of sCD25 (20,10, 5 or 1 ng/ml) or anti-IL-2 (10 ng/ml). Levels of IL- 
17A or IFNy expression were determined after 96 hrs by (A) FACS and (B) ELISA. (C) Purified naive CD4+ T cells were activated under Treg inducing 
conditions, as described in methods, in the presence or absence of sCD25 (20ng/ml) and FoxP3 expression determined by FACS. (D) Naive CD4-I- T 
cells were stained with CFSE (2.5 nlVl) prior to activation under Thl 7 conditions in presence or absence of sCD25 (20 ng/ml). After 96 hours, levels of 
intracellular 1L-17A expression and CFSE dilution or 7AAD incorporation were determined by FACS. (E) Purified naive CD4-F T cells were activated 
under ThO, T hl7 and Thl7& sCD25 (20 ng/ml) conditions for 72 hours and levels of P-Stat3 (pY705) determined by FACS. All data are representative 
of 3 independent experiments. Statistical Significance determined by unpaired student's t-test, psO.05, **ps0,01, ***p£0.001. 
doi:10,1371/journal.pone.0047748.g003

program m ing  events in the developm ent o f  a  T h  17 response by 
blocking the induction o f  R O R y T  expression [9]. These data 
identify a  novel m echanism  w hereby sC D 25 enhanced the 
generation and developm ent o f proinflam m atory T h l 7 responses 
through inhibiting the protolerogenic effects o f  IL -2R  signalling.

T o  determ ine the precise m echanism  through w hich sCD25 was 
m ediating this inhibition we considered a num ber o f  possibilities. 
First, sC D 25 m ay inhibit the levels o f IL-2 expressed upon T  cell 
activation (although IL-2 neutralization by m onoclonal antibodies 
has previously been found to enhance IL-2 expression by 
inhibiting an auto-regulatory negative feedback loop [20]). W e 
observed no differences betw een the levels o f  IL-2 expressed on 
a  p er cell basis either in the presence o r absence o f  sC D 25 after 
24 hours (Figure 5B). Second, sC D 25 m ay exert its effects a t the 
cell surface by acting to either inhibit appropriate  assembly o f  the 
heterotrim eric recep tor com plex or inhibit IL-2 binding. T o  
exam ine this possibility we used a  H is-tag on the soluble form  of 
the receptor to discrim inate betw een soluble and surface expressed 
forms o f  CD 25. H ow ever, we were not able to detect any binding

o f sC D 25 to the cell surface during  the first 24 hours after 
activation (Figure 5C). In contrast, the presence o f  sC D 25 did 
significantly inhibit the upregulation o f  endogenous surface C D 25 
expression (Figure 5D). This observation further indicated a role 
for sC D 25 in inhibiting IL -2R  signalling as IL-2 is recognised as 
an im portan t m ediato r in driving surface C D 25 expression early 
d uring  T  cell activation. T h ird , we investigated the possibility that 
sC D 25 m ay act to sequester secreted IL-2 in the T  cell 
m icroenvironm ent. Significantly, sCD 25 inhibited the detection 
o f  secreted IL-2 by ELISA in a  dose dependent fashion suggesting 
its ability to sequester secreted IL-2 (Figure 5E). T h e  specific 
interaction betw een sC D 25 and  IL-2 was also dem onstrated  using 
a  m ixed ELISA approach o f  cap ture w ith an anti-IL -2 antibody 
followed by detection with an anti-C D 25 antibody. U sing this 
approach , significant levels o f  the IL -2 /sC D 25  com plex w ere 
detected in the supernatants o f  CD4-H T  cells activated under 
T h l 7 conditions in the presence o f sC D 25 (Figure 5F).

T ogether these data  dem onstrate the im m unom odula tory  
activity o f  the soluble form  o f the IL-2R  alpha chain  in vivo for
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Figure 4. sCD25 acts early during T h l7 developm ent. Purified naive CD4-H T cells from IL-17AeGFP reporter mice activated under T h l7 
inducing conditions in the presence of sCD25 (20 ng/ml) or anti-IL-2 (10 |xg/ml) for 48 hrs and examined for levels of (A) IL-17A and (B) RORyT 
expression by FACS. All data are representative of at least 3 independent experiments. 
doi:l 0.1371 /journal.pone.0047748.g004
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the first time an d  indicate tha t these efiects are m ediated by its 
capacity  to sequester secreted IL-2.

D iscussion

T he expression o f the heterotrim eric IL-2 receptor on the 
surface o f  T  cells plays a pleiotropic role in directing T  cell 
responses. O n e  such critical non-redundan t role is the m ainte

nance o f periphera l T  cell tolerance. This occurs through its 
p rom otion  o f  the induction and persistence o f  regulatory T  cell 
subsets while also acting  directly to inhibit the generation o f T h l7  
type responses w hich are considered to be critical in driving 
au to im m une disease [1]. Such observations are thought to form 
the m echanistic basis for the close association betw een m utations
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at the CD25 gene locus and  enhanced susceptibility to a  num ber o f 
auto im m une diseases in hum ans.

Sim ilar to o ther cytokine receptors expressed at the cell surface, 
the individual chains o f  the IL-2R  are also known to exist in 
soluble form in serum  [21,22]. In particular, stable expression 
levels o f soluble C D 25 observed in healthy adults has underscored 
its clinical use as a  biom arker for a  variety o f  inflam m atory 
conditions [23]. Unlike o th er soluble cytokine receptors, no 
evidence exists for an  alternative splice form  at the CD25 gene 
locus which encodes a specific soluble C D 25 protein . Conse- 
quendy, the generation o f the soluble form  o f this receptor is 
thought to occur through proteolytic cleavage at the cell surface by 
as yet unidentified proteases [24]. Levels o f  sC D 25 generation 
increase upon T  cell activation in vitro and  enhanced levels 
observed in vivo are thought to be direcdy related to the m agnitude 
T  cell m ediated  inflam m atory responses. H ow ever, recent analysis 
o f  specific au to im m une susceptibility alleles at the CD25 gene locus 
has uncovered a  direct association between increased disease 
susceptibility, disease severity and  increased levels o f  sCD25 
[10,11]. T hese studies indicate that sC D 25 m ay play an im portant 
m echanistic role in driving disease pathogenesis.

As expression o f  all three chains o f  the IL-2R  signalling com plex 
on the cell surface are known to be required for efficient II.-2 
binding and the subsequent activation o f dow nstream  signalling 
events [25], w hether sCD25 has any physiological relevance o r is 
a  m ere by-product o f  T  cell activation and expansion has 
rem ained controversial. Despite the lower affinity o f  C D 25 for 
IL-2 when com pared to the heterotrim eric IL-2R  com plex, sC D 25 
has been found to bind IL-2 efficiently and  have im m unom od
ulatory effects in vitro [10,26]. I t is also possible th a t sCD 25 m ay 
in teract with an as yet unidentified accessory protein(s) in vivo to 
enhance its affinity for IL-2. A long those lines, it is notew orthy that 
soluble IL -1R II is known to have its affinity for IL -1 a /  p enhanced 
alm ost 100 fold through its interaction with soluble IL -IR  
Accessory protein  [27]. Although m onom eric sC D 25 has a m olec
ular weight in the region o f  40 kD a, it has previously been found 
to be present as p a rt o f  a  pro tein  com plex with a m olecular weight 
in the region o f  100 kD a in the synovial fluid o f rheum atoid 
arthritis patients [28]. A lthough the accessory proteins involved in 
this com plex were not identified, it was found to efficiendy inhibit 
IL-2 m ediated responses in vitro. Furtherm ore, sC D 25 has been 
dem onstrated  to exist in hom odim eric form, although w hether this 
alters its relative affinity for IL-2 is unknow'n [29]. Studies are 
ongoing to determ ine w'hether sC D 25 exerts its im m unom odula
tory effects in EAE through either oligom erization o r binding 
accessory proteins in vivo.

N um erous studies have previously investigated the role o f 
sC D 25 in m odulating  T  cell responses in vitro. T hese reports have 
often led to conflicting results with sC D 25 having been variously 
described to both  inhibit and  enhance T  cell responses. T o  our 
knowledge, no previous studies have exam ined the role o f 
increased sC D 25 in the clinical severity o f  an auto-im m une 
disease. As sC D 25 has been previously exam ined w'ith respect to 
m ultiple sclerosis in hum ans, we chose a  m urine m odel o f this 
disease to exam ine in vvoo effects o f  sC D 25. W hile a  num ber o f  
groups have dem onstrated  the capacity  o f  sC D 25 to inhibit IL-2 
m ediated proliferation o f  C D 8+  cytotoxic T  cell lines [28,30], it is 
notew orthy that M aier et al. also dem onstrated  tha t sC D 25 could 
inhibit IL-2 m ediated STA T 5 phosphorylation in prim ary  CD4-I- 
T  cells while enhancing responses through the inhibition o f  
activation induced cell death  [10]. O u r  study further extends these 
in vitro findings and  dem onstrates th a t sC D 25-m ediated blockade 
of IL-2 signalling m odulates T  cell responses tow ards a  T h  17 
phenotype.

G iven the established role o f  IL-2 in m ediating  T reg  hom eo
stasis in vivo [3], it is surprising tha t we did no t observe any effects 
on T reg  subsets in the presence o f sC D 25 in this study. A lthough 
we did not specifically exam ine w hetlier sC D 25 affected the 
suppressive function o f Tregs, levels o f Foxp3 expression both in 
vitro and  in vivo clearly indicate that sC D 25 did no t im pact T reg  
survival o r persistence. Similarly, previous reports have found that 
IL-2 can play a  role in enhancing T h l  m ediated responses but 
these were no t alTected by sCD 25 at the concentrations used in this 
study [31] (Figure 2A, 3B). As T h l 7 responses are  clearly elevated 
under these conditions, these d a ta  m ay reflect differing levels o f  
sensitivity am ong pathogenic versus regulatory CD4h- T  cell 
subsets tow ards the effects o f  IL-2 signalling. Alternatively, it is 
possible that Tregs, which express constituuvely high levels o f  
surface C D 25 (and the heterotrim eric IL-2R) in com parison to 
T h  17 cells, m ay be com petitively less sensitive to sequestration o f 
circulating IL-2 by sC D 25. Studies are ongoing to determ ine how- 
limiting doses o f  IL-2 m ay differentially im pact C D 4+  T  cell 
responses and  how  sC D 25 m ight influence these events.

It is clear from  o u r in vivo studies that the ability o f  sC D 25 to 
enhance T h  17 responses on a  p er cell basis is only observed in the 
periphery  and  no t a t the site o f inflam m ation w here although 
percentages o f both T h l  7 and  T h l cells are rem arkably unaltered 
upon sCD 25 treatm ent, both are p resent in significandy increased 
num bers (Figure 1). A lthough this m ay reflect the  effects o f  sCD25 
on T  cell expansion, this seems unlikely given that we observed no 
such effects in vitro (Figure 3D). A further possible explanation for 
this is an increased plasticity o r inter-conversion betw een both 
subsets a t the site o f  inflam m ation. H ow ever, this is unlikely given 
that the IL-17A eG FP m ouse used in these studies allows the 
identification o f  cells which also have a  legacy o f IL-17A 
expression. As such, increased plasticity would be evident as an 
increase in the percentage o f  G FP+ve cells expressing IFN y which 
was not detected. M ore likely, diese data  indicate that enhanced 
antigen-specific T h l 7 cells in the periphery  can  facilitate the 
infiltration o f  both  pathogenic T h  1 and T h  17 cells to the site o f 
inflam m ation as has been previously reported  [32].

In direct relevance to this study, the use o f  hum anized anti- 
C D 25 antibodies is show ing considerable prom ise as a  potential 
therapeutic for M uluple Sclerosis [33]. A lthough efficacy for this 
approach has been dem onstrated  in early clinical trials, the exact 
m echanism  through w hich these antibodies inhibit disease rem ains 
obscure. It is notew orthy that these anubodies b ind  sC D 25 and 
block its ability to sequester IL-2 [34]. As levels sC D 25 are 
elevated am ong M S patients [10], blockade o f  its im m unom od
ulatory effects with anti-C D 25 could conceivably play an 
im portant p a rt in the m echanism  o f action o f A nti-CD 25.

T ogether these d a ta  dem onstrate the im m unom odulatory  
activity o f  the soluble form  of the IL-2R  alpha chain  in vivo for 
the first time and  indicate tha t these effects are  m ediated by its 
capacity to act as a  decoy receptor for secreted IL-2. A lthough 
biochem ical studies indicate that C D 25 in isolation has a  signifi
cantly lower affinity for IL-2 w hen com pared to the heterotrim eric 
IL-2R  com plex, it has been dem onstrated  to b ind  IL-2 efficiendy 
and its ability to suppress IL-2 m ediated responses in vitro has been 
extensively reported  [10,13,26,30]. T h e  association between 
elevated levels o f  sCD 25 found in the sera o f  auto im m une patients 
and the presence o f  specific susceptibility alleles a t the CD25 gene 
locus offer perhaps the clearest indication that sC D 25 plays a  role 
in au to im m une pathogenesis [10]. A lthough w hether elevated 
levels o f  sC D 25 are causally linked to the padiogenesis o f  hum an 
au to im m une disease rem ains to be determ ined, o u r studies 
dem onstrate that sC D 25 can act to enhance T h l 7 cell responses
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and provide a novel nnechanism which m ay explain these 
observations.
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The recent identification of several novel innate lynnphoid cell (iLC) subsets has increased 
our understanding of the mechanisms which link the innate and adaptive immune systems. 
While the contribution of these subsets toward the pathogenesis of human disease remains 
largely to be determined, it seems likely that they w ill play a particularly important role in 
sterile inflammatory settings where the innate response is seen as a critical mediator of 
inflammation. Several recent studies have highlighted the role of endogenous damage- 
associated molecular patterns such as IL-33, IL-1a, and IL-ip in promoting lymphoid cell 
responses. This review discusses the influence of such endogenous danger signals on 
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Keywords: sterile inflammation, innate lymphoid cell, y&T cell, type 1 response, type 2 response

Edited by:
Anna Rubartelli, N ational Cancer 

Research Institu te, Ita ly  

Reviewed by:
A lessandro  Poggi, National Ins titu te  
fo r Cancer Research, Ita ly  

Ing rid  Dum itriu , S t G eorge's 
U n ivers ity  o f  London, UK  

*Coirespondence:
Patrick T. Walsh, National Children's 
Research Centre, O ur Lady's  
Children 's Hospital, Crumlin,

Dublin  12, Ireland, 
e-mail: walshp10@ tcd.ie

INTRODUCTION
Acute inflammation direaed by the innate immune response has 
evolved to efficiently combat infection and is critical to host 
defense. However, in the absence o f overt infection, such innate 
mechanisms may also be activated as a result o f tissue injury result
ing from metabolic or exogenous sources (Rock et al., 2010). These 
events lead to what is termed a sterile inflammatory response 
which, i f  not appropriately resolved, can lead to the development 
o f chronic inflammation which underlies or exacerbates a variety 
o f human diseases.

The driving signals of sterile inflammation are known as 
damage-associated molecular patterns (DAMPs) and while dis
tinct from their pathogen-derived counterparts, they elicit their 
effects through many o f the same signaling pathways and net
works (Bianchi, 2007). As a result, much o f what we know about 
the mechanisms involved in sterile inflammation has stemmed 
from investigations of the innate inflammatory response to infec
tion. Indeed, as a result o f collateral damage often observed during 
the innate response to infection, DAMPs can also contribute to 
inflammation in non-sterile settings (Yang and Oppenheim, 2009; 
Yang et al., 2009; Andersson and Tracey, 2011). Most studies on the 
sterile inflammatory response have focused on the sources o f these 
endogenous DAMPs, such as necrotic cells (Krysko etal., 2011). 
However, there is a growing awareness o f the influence DAMPs 
play in orchestrating sterile inflammation through activating dif
ferent cell types (Nace etal., 2012). This review will focus on the 
effects o f specific DAMP activity on recently defined innate lym
phoid cell (iLC) populations and how these distinct populations of 
cells play a role in orchestrating subsequent inflammatory events 
relevant to human disease.

DAMAGE-ASSOCIATED MOLECULAR PATTERNS
Damage-associated molecular patterns (DAMPs) are proinflam- 
matory mediators largely activated under conditions o f cellular

stress or injury which may ultimately result in cell death. Stimuli 
which elicit these responses can range from sterile particulates 
derived from either aberrant metabolism, e.g., cholesterol crys
tals in atherosclerosis (Duewell et al., 2010) or external toxins, e.g., 
asbestos (Dostert et al., 2008). Similarly, unprogramed cell death, 
such as that observed under ischemic conditions or chemother
apeutic treatment strategies, leads to a loss o f cellular integrity 
which can result in the exposure of DAMPs and the development 
o f sterile inflammation (Arslan etal., 2011; Awong etal., 2012). 
In recent times, the identity o f several DAMPs has been revealed 
and their effects on the generation o f the sterile immune response 
described. As this review will focus on how these signals specifically 
influence iLCs responses, a number o f the most relevant DAMPs 
are described below.

IL-1 a/p
The proinflammatory effects of both IL - la  and IL - lf i have long 
been recognized. Although both DAMPs share the same IL- 
I receptor, and thus appear to elicit very similar effects, their 
expression and activity are distinctly regulated (Dinarello, 2009). 
IL -lp  gene expression is induced upon stimulation by numer
ous inflammatory signals but is normally translated in its inactive 
proform. Prior to its release from cells IL - lf i undergoes matura
tion through proteolytic cleavage by caspase-1 in events mediated 
by an inflammasome involving the proteins NLRP3 and ASC (Li 
et al., 1995; Lamkanfi and Dixit, 2009). Critically, activation o f the 
signaling events required for the appropriate assembly and acti
vation o f this NLRP3 inflammasome are known to be mediated 
by a wide range o f sterile particulates and metabolites implicat
ing IL - lf i as central to numerous sterile inflammatory conditions 
(Martinon etal., 2006; Dostert etal., 2008; Masters etal., 2010). 
Unlike IL -lfi, IL - la  appears to be constitutively expressed by a 
wider range o f cell types and although it also undergoes prote
olytic cleavage, is active in its unprocessed form. Although IL-lot
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does not appear to require inflammasome activity for its activa
tion it is known to be released in large amounts upon cell death 
through necrosis and has been found play a central role in driv
ing neutrophil recruitment as part o f the sterile inflammatory 
response (Chen et al., 2007).

The effects o f lL-1 activity on both the innate and adaptive 
immune responses have been extensively characterized (Dinarello,
2009), and there is accumulating evidence that these DAMPs play 
an important role in driving iLC subset responses. These events are 
likely to play a significant role in driving neutrophil recruitment 
under sterile conditions and are discussed in greater detail below.

IL-33
IL-33 is another member o f the lL-1 family o f cytokines which is 
exposed upon cellular injury and acts upon its cognate recep
tor ST2 in complex with the IL-lRAcP (Schmitz etal., 2005). 
Although originally thought to be post transcriptionally regulated 
by caspase-1-mediated cleavage, in a manner similar to IL -ip , it 
is now apparent that IL-33 exhibits biological activity in its full- 
length uncleaved form and is released upon necrotic cell death to 
exert its biological activity in a similar manner to IL -1 a (l.iew et al.,
2010). As well as acting as a classical “alarmin,”  intracellular IL- 
33 can also act as a transcriptional repressor although the specific 
genes and pathways which it targets in this role are not well-defined 
(Carriere etal., 2007; Ali et al., 2011). Release o f IL-33 is strongly 
implicated as an instructive signal in the development o f type 2 
immune responses and as such it is thought to play an important 
role in the allergic response (Schmitz et al., 2005). More recently it 
has been demonstrated that IL-33 has profound effects on innate 
type 2 helper cells and nuocytes and may play a central role in 
driving type 2 immunity under sterile settings (Kim etal., 2012; 
Mirchandani etal., 2012). The influence o f IL-33 on iLC popula
tions in the context o f sterile inflammation is discussed in further 
detail below.

EFFECTS OF DAMPs ON INNATE LYMPHOID CELL SUBSETS
The effects o f DAMP signaling on cells of the innate immune 
system such as dendritic cells and macrophages have been exten
sively described elsewhere (Chen and Nunez, 2010). Similarly, 
since their earliest identification there have been numerous stud
ies detailing how endogenous DAMPs can directly influence the 
adaptive T cell response. For example, HMGBl, CpG contain
ing DNA motifs, and hsp60 have all been described to directly 
influence activated T cell responses (Dumitriu etal., 2005; Zanin- 
Zhorov etal., 2006; LaRosa etal., 2007). In more recent times 
there has been an intense interest in identifying novel lymphoid 
cell subsets which are thought to play an important role in bridg
ing the gap between the innate and adaptive immune responses. 
These subsets are largely segregated by their ability to rapidly 
express effector cytokines more commonly associated with adap
tive T helper cell responses such as IL-17 related cytokines or 
IL-13 and IL-4. Perhaps unsurprisingly, this has led to signifi
cant advances in understanding the role o f these subsets in both 
autoimmune and allergic disease settings (Cai et al., 2011; Barlow 
et al.,2012; Pantelyushin et al., 2012). However there is significant 
evidence to suggest that such subsets may also play a central role in 
inflammation under sterile settings. In particular, the observation

that proinflammatory cytokines normally associated with adap
tive T cell responses are elevated in certain auto-inflammatory 
disease settings, in the absence o f any identified sources of anti
genic stimulation, indicates that iLCs may play an important role 
(Lasiglie et al., 2011).

INNATE LYMPHOID CELL SUBSETS IMPLICATED 
IN STERILE INFLAMMATION
y S T  CELLS
Arguably the most extensively described iLC populations are yS 
T cells, which comprise about 5% of the overall T cell population. 
They differ from conventional afi T cells in that they express invari
ant y and 8 chains as part o f their T cell receptor and are resident 
predominantly at mucosal sites (Cua and Tato, 2010). yS T cells 
appear to lack the requirement for conventional antigen presenta
tion and this has contributed to the hypothesis that these cells act 
as tissue-resident immune sentinel cells. O f particular relevance to 
sterile inflammatory conditions are the recent observations from 
both mouse and human studies that specific subsets o f yS T cells 
respond to IL-Rl stimulation by expressing significant levels o f IL- 
I7A (Sutton etal., 2009; Ness-Schwickerath etal., 2010; Caccamo 
et al., 2011). These cells which constitutively express CCR6 and the 
transcription factor RORyT may act as an important instructive 
signal to promote the generation o f adaptive Th 17 type responses 
but have also been implicated as important mediators o f disease 
in their own right (Sutton etal., 2009). In particular, yS T cells 
which express IL-17A in response to IL -la /p  play an important 
role in driving neutrophilia and dermal inflammation in psoria
sis in both mouse models and human patients (Cai etal., 2011; 
Laggner et al., 2011; Pantelyushin et al., 2012). Specifically, human 
Vy9V82’'' cells, which are induced to express IL-17A in the pres
ence o f IL-ip,have been implicated as playing a prominent role in 
psoriasis (Laggner etal., 2011). As neutrophilic skin inflammation 
is a prominent feature of cryopyrin-associated inflammatory syn
drome (CAPS), which are autoinflammatory disorders, associated 
with inflammasome hyperactivity and increased IL- Ip processing, 
it is tempting to speculate that Vy9VS2"'' T  cells may play a role in 
mediating these events (Kolivras etal., 2011). Indeed, in a recent 
study, significantly elevated levels o f IL-17A was found in the 
serum of CAPS patients and although CD4+ Th 17 cells were im pli
cated as the source o f IL-17A, the status o f yS T cell subsets was 
not examined (Lasiglie etal., 2011). Similarly, characterizations 
of Nlrp3 gene-targeted mice harboring mutations which mimic 
those causing disease in humans have demonstrated significant 
skewing toward a Th 17 type response. O f particular interest in this 
regard, Meng et al. (2009) have demonstrated that mice express
ing a R258W mutation (corresponding to the R260W mutation 
found in Muckle-Wells disease patients) exhibit spontaneous skin 
inflammation associated with neutrophil inflammation and a 
Thl7 dominated response. As this phenotype bears a remarkable 
similarity to psoriasis, in which yS T cells are a prominent source 
o f lL-17 related cytokines, it raises the possibility that yS T cells 
may also play an important role in skin manifestations among 
CAPS patients.

While it has been established that caspase-1-dependent IL- 
Ip activity can promote expression o f IL-17A by yS T cells in 
autoimmune disease settings (Lalor etal., 2011), whether this
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occurs under sterile settings has not been investigated. We have 
found that the presence of IL - ip  with IL-23 can induce significant 
rapid expression o f IL-17A by murine yS T cells in vivo under 
sterile settings and in the absence o f exogenous antigen. In con
trast, CD3+ yS TCR“  cells do not express significant levels of 
1L-17A under these conditions (Figure 1). As both IL-1J3 and IL- 
23 have been shown to be expressed at higher levels by monocyte 
derived dendritic cells from CAPS patients (Lasiglie etal., 2011), 
this further indicates that yS T cell subsets may provide an impor
tant innate source of IL -17 related cytokines in autoinflammatory 
disease.

LYMPHOID TISSUE-INDUCER CELLS
Another prominent innate lymphoid subset characterized by their 
ability to quickly and efficiently express IL-17 and/or IL-22 are 
lymphoid tissue-inducer cells (LTi; Takatori etal., 2009). LTi cells 
require the activity of the RORyT transcription factor for their

development and were initially identified for their role in driv
ing lymphoid tissue development during embryogenesis. More 
recently, LTi have been found to play important roles in innate 
immune responses at mucosal surface such as the intestine and 
the skin where they have been implicated as playing an important 
role in responding to both pathogenic and commensal bacteria 
(Ivanov etal., 2006; Pantelyushin etal., 2012). However there is 
also emerging data indicating that these cells can play a prominent 
role in sterile inflammatory settings.

As well as the autoinflammatory syndromes referred to above, 
which result from genetic abnormalities, “ sterile”  inflammation 
can also occur as a result o f therapeutic regimens designed to 
target specific cell populations for depletion. Treatments such as 
chemotherapy and irradiation often result in undesirable effects 
on the development of a healthy immune system with serious 
consequences for the patient. Recently, it has been demonstrated 
that LTi cells play a central role in promoting appropriate thymic
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FIGURE 1 IIL-1^ and IL-23 induce rapid expression of IL-17A by yST cells IL-17A or isotype control and examined by flow  cytometry. (A) Data shown
in vivo. C57BI/6 mice were injected into the hind footpad w ith IL-1f̂  (50 ng) as IL-17A expression by live C D3'^y^CR “  and CDS'^ySTCR'^ cells is
and ILr23 (50 ng) or PBS. After 4 h cells were harvested from the popliteal representative of four separate experiments. (B)The percentage frequency
lymph nodes and treated for a further 4 h w ith  brefeldin A w ithout ex vivo of CDS'^y^CR"'' cells is unaltered after Injection w ith IL-1^ and IL-23. Data
stimulation. Cells were stained for expression of CD3, ySTCR and intracellular representative of three individual mice.
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FIGURE 2 I Innate lymphoid subsets responding to sterile inflammation.
Innate lymphoid subsets such as y8T cells and LTi cells may respond to 
increased IL-lfl expression as a result of either genetic- or particulate-driven 
inflammasome activation or IL-la exposed upon tissue damage. These 
DAMPS drive the innate expression of Ib17 family members w/hich may

contribute to sterile inflammation or IL-22 which can promote tissue 
regeneration. On the other hand, IL-33 exposed upon tissue damage, 
drives type 2 innate responses by nuocytes and NH cells which can have 
a proresolving influence and dampen sterile inflammatory responses 
observed in obesity and atherosclerotic plaques.

regeneration in such sterile inflammatory settings (Dudakov et a!., 
2012). These effects are mediated largely through expression of IL- 
22 which promotes epithelial repair and tissue regeneration and 
highlight the role o f iLCs in promoting the resolution o f “ster
ile”  inflammation (Dudakov etal., 2012). As an important source 
o f IL-17A at mucosal sites, LTi cells have also been found play an 
important role in driving acute inflammatory responses to an array 
o f both infectious and chemical stimuli (Ivanov et al., 2006; Pante- 
lyushin etal., 2012). Although whether these cells can specifically 
respond to direct stimulation with DAMPs such as IL -la /p  (or 
indeed IL-33) has yet to be fully investigated, it is possible that they 
may also play an important role in bridging innate and adaptive 
immunity under sterile settings.

INNATE TYPE-2 CELLS
The recent discovery of a number o f subsets of innate immune 
cells expressing ST-2 and responding to IL-33 has advanced our 
understanding o f this cytokine and further expanded its emerging 
role as an alarmin (Liew etal., 2010). One such cell type, the 
nuocyte, is an innate type 2 cell which was originally identified as

an IL-25 responsive non-T/non-B, y-common chain-dependent 
cell which provided IL-4, IL-5, and abundant amounts o f IL-13 at 
the onset o f helminth infection (Neill etal., 2010). Interestingly, 
nuocytes are also expanded upon treatment with IL-33 and cells 
treated in this manner also secreted lL-6, IL-10, and GM-CSF 
(Moro et al.,2010).

The ability o f nuocytes to respond to IL-33 in this manner 
implicates a role for these cells in the immune response to cel
lular stress. It is established that tissue damage caused by factors 
including high free fatty acids and oxidative stress commonly leads 
to necrosis and release of IL-33 (Moussion etal., 2008; Cayrol 
and Girard, 2009). Whilst no direct role for nuocytes has been 
described under such conditions, it is tempting to speculate that 
these cells could potentially provide an important source for at 
least some o f the cytokines expressed in these settings, including 
IL-5, IL-10, and most notably IL-13 (M iller etal., 2010). For 
example, in atherosclerotic lesions, where severe tissue damage 
and necrosis are involved, IL-33 is thought to play a protective role 
through its ability to switch what is a type 1 dominated response 
toward a less inflammatory type 2 response. IL-33 increases the
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levels o f  IL-4, IL-5, and IL-13 and reduces incidence o f  F4/80 
positive macrophages and CD3 positive cells found in atheroscle
rotic lesions (Miller etal., 2008). These observations raise the 
interesting possibility that nuocytes could potentially provide a 
source o f these cytokines and play a protective role in cardiac 
disease.

The natural helper (N H ) cell is another recent addition to the 
expanding number o f innate type 2 lym phoid cell populations 
(Koyasu and Moro, 2011). These cells are capable o f produc
ing large am ounts o f  IL-5 and IL-13 when stimulated by IL-33 
in the presence o f  IL-2, lL-7, or thymic stromal lym phopoi- 
etin (TSLP; Halim etal., 2012). Interestingly, and in contrast to 
the other described innate type 2 populations, NH cells are pre
dom inantly found in fat-associated lym phoid clusters where it is 
thought that they play important roles in maintenance o f  hom e
ostasis in adipose tissues (Moro etal., 2010). Moreover, lL-33 
and ST-2 expression in adipose tissue has been reported to play 
a protective role in obesity-driven sterile inflammation through 
prom otion o f  a type 2 environment. These events were found to 
occur in association with switching o f  the macrophage response 
from a M l to M2 phenotype raising the possibility that NH cells 
could also contribute to the regulation o f the sterile inflammatory 
response to obesity by acting as an important orchestrator o f the 
type 2 response (Miller, 2011).

Nuocytes and NH cells are two phenotypically similar cell sub
sets which respond to IL-33 and appear to play pathogenic roles 
in models o f  allergic and parasitic inflammation. However with

the emerging importance o f IL-33 as an endogenous danger signal 
further investigation into what role these subsets may play in m edi
ating type 2 im m unity under some settings o f  sterile inflammation 
could prove beneficial.

CONCLUDING REMARKS
Although the innate im m une response to DAMPs is critical to the 
initiation o f  sterile inflammation, this often occurs in association 
with enhanced expression o f effeaor cytokines more com m only  
associated with adaptive T helper cell responses. The recent identi
fication o f several iLC subsets which can respond rapidly to innate 
stimuli by expressing such cytokines, in the absence o f  any obvious 
requirement for antigenic stimulation, indicates that these subsets 
may be important mediators o f inflammation under sterile condi
tions. Interestingly, the studies highlighted above, demonstrate 
that these cells can play both proinflammatory and proresolv
ing roles depending on the inflammatory setting and the effector 
cytokines which are expressed (Figure 2). Further investigation 
will likely reveal whether, as well as being critical regulators at 
the interface between innate and adaptive im m unity under set
tings o f  infection and autoimmunity, these cells are also important 
mediators o f sterile inflammation.
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Novel mediators regulating innate and adaptive type 17 immune responses.

The discovery of a third subset of T helper cells and more recently innate T cell subsets which 
preferentially express IL-17A has led to intensive investigation into the roles these cells play in both 
host defence and autoimmune settings As such, understanding the mechanisms related to the of the 
generation, function and regulation of these cells are crucial to the development of therapeutic 
interventions to counteract associated inflammation and pathology. In these studies we have focused 
on two of the more recently described pathways of regulation of IL-17A expressing T cells, namely 
the IL-2/IL-2 receptor signalling axis and TIR8 a negative regulator of IL-lR l signalling.

IL-2 has been implicated as a negative regulator of Thl7 responses in-vitro and in-vivo. Mutations at 
CD25, the a chain of the IL-2 receptor, confer susceptibiHty to a variety of autoimmune diseases with 
a number of these susceptibility alleles correlating with elevated levels of the soluble form of the a 
receptor chain (sCD25). We have demonstrated that elevated levels of sCD25 in-vivo resulted in 
enhanced antigen-specific Thl7 responses in the periphery and exacerbated experimental autoimmune 
encephalomyelitis (EAE). We report that sCD25 is capable of enhancing Thl7 responses in-vitro 
with no impact on Thl responses or Treg generation. This enhancement of the Thl7 response is 
characterised by decreased ST ATS signalling downstream of the IL-2 receptor, which facilitates an 
enhancement of IL-6 receptor driven ST AT 3 phosphorylation. sCD25 exerted its effects early during 
the T h l7 developmental programme, leading to increased expression of the signature transcription 
factor RORyT, as well as IL-17A expression after just 48 hours. sCD25 did not directly impact cellular 
expression of IL-2 or act at the cell surface, but was found to greatly inhibit the detection of secreted 
levels of IL-2 by ELISA through direct interaction with IL-2 itself, demonstrating its ability to act as 
an IL-2 ‘sink’ in the T cell microenvironment. These data identify the ability of sCD25 to promote 
autoimmune disease pathogenesis and enhance T h l7 responses through its ability to sequester 
lo ca l IL-2.

T h l7 cells have received considerable interest since their discovery; however, recently it has become 
clear that a large proportion of the IL-17A expression in both host defence and autoimmune settings is 
accounted for by innate T cell subsets. One such subset is y5 T cells, which have been shown to 
express IL-17A directly in response to IL-ip and IL-23 stimulation. TIR8, an orphan receptor of the 
Toll/IL-1 receptor superfamily has been established as a negative regulator of IL-lR l signalling and 
in this role has also been implicated as a key intrinsic regulator of Thl 7 responses and autoimmunity. 
However, its role in the modulation of IL-lR l driven IL-17A expression by innate lymphocyte 
populations or its potential to modulate inflammation in disease associated with these cells has yet to 
be established. Expression of TIR8/SIGIRR has been reported to be reduced in the peripheral blood of 
psoriatic arthritis patients. However, whether TIR8/SIGIRR activity plays a specific role in regulating 
psoriatic inflammation is unknown. We report that Tir8/Sigirr deficient mice develop more severe 
psoriatic inflammation in both the chemical (Aldara^'^) and cytokine (recombinant IL-23) induced 
models of psoriasis. Increased disease severity was associated with enhanced infiltration of ¥ 74”" yS T 
cells which express significantly elevated levels of IL-17A. Critically, we also demonstrate that 
TIR8/SIGIRR activity directly suppressed innate IL-17A expression by y5 T cells in vitro and in vivo. 
Importantly, treatment of TirS/Sigirr-/- mice with an IL-17A neutralisation antibody reversed the 
enhanced disease severity observed in these mice. This study identifies TIR8/SIGIRR as a novel 
intrinsic negative regulator of innate IL-17A expression and characterises a novel mechanism 
involved in the regulation of psoriatic inflammation.

Taken together these data further highlights the central role IL-17A plays in inflammatory 
states mediated by both innate and adaptive T cell and identifies both sCD25 and 
T1R8/SIGIRR as signalling mediators acting to directly modulate these events in-vivo.


